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Pavulon facilitates intubation and provides 


safe, neuromuscular blockade. Organon Pharmaceuticals 


Histamine release and ganglionic N?rSenenj A Division of Organon Inc. 
blockade are rarely, if ever, seen! - West Orange, N.J. 07052 


A PART OF /^kZona INC 


PAVULON 


oancuronium bromide 
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Proceed with PAVULON 


pancuronium bromide 
The clinically proven nondepolarizing muscle relaxant 


Brief Summary (Please consult full package insert, enclosed in every 
package, before using Pavulon). 


ACTIONS: Pavulon is a non-depolarizing neuromuscular blocking agent 
possessing all of the characteristic pharmacological actions of this class 
of drugs (curariform) on the myoneural junction. 

Pavulon (pancuronium bromide) is antagonized by acetylcholine, 
anticholinesterases, and potassium ion. Its action is increased by inhala- 
tional anesthetics such as halothane, diethyl ether, enflurane and meth- 
oxyflurane, as well as quinine, magnesium salts, hypokalemia, some 
carcinomas, and certain antibiotics such as neomycin, streptomycin, 
clindamycin, kanamycin, gentamicin and bacitracin. The action of Pavu- 
lon may be altered by dehydration, electrolyte imbalance, acid-base 
imbalance, renal disease, and concomitant administration of other 
neuromuscular agents. 

CONTRAINDICATIONS: Pavulon is contraindicated in patients known to 
be hypersensitive to the drug or to the bromide ion. 


WARNINGS: PAVULON SHOULD BE ADMINISTERED IN CAREFULLY 
ADJUSTED DOSAGE BY OR UNDER THE SUPERVISION OF EXPERI- 
ENCED CLINICIANS, WHO ARE FAMILIAR WITH ITS ACTIONS AND THE 
POSSIBLE COMPLICATIONS THAT MIGHT OCCUR FOLLOWING ITS 
USE. THE DRUG SHOULD NOT BB ADMINISTERED UNLESS FACILI- 
TIES FOR INTUBATION, ARTIFICIAL RESPIRATION, OXYGEN THER- 
APY, AND REVERSAL AGENTS ARE IMMEDIATELY AVAILABLE. THE 
CLINICIAN MUST BE PREPARED TO ASSIST OR CONTROL RESPIRA- 
TION. 

In patients who are known to have myasthenia gravis small doses of 
Pavulon may have profound effects. A peripheral nerve stimulator is 
especially valuable in assessing the effects of Pavulon in such patients. 


USAGE iN PREGNANCY: The safe use of pancuronium bromide has not 
been established with respect to the possible adverse effects upon fetal 
development. Therefore, it should not be used in women of childbearing 
potential and particularly during early pregnancy unless in the judgment 
of the physician the potential benefits outweigh the unknown hazards. 
Pavulon may be used in operative obstetrics (Cesarean section), but 
reversal of pancuronium may be unsatisfactory in patients receiving 
magnesium sulfate for toxemia of pregnancy, because magnesium salts 
enhance neuromuscular blockade. Dosage should usually be reduced, 
as indicated, in such cases. 
PRECAUTIONS: Although Pavulon has been used successfully in many 
patients with pre-existing pulmonary, hepatic, or renal disease. caution 
should be exercised in these situations. This is particularly true of renal 
disease since a major portion of administered Pavulon is excreted 
unchanged in the urine. 


ADVERSE REACTIONS: Neuromuscular: the most frequently noted 
adverse reactions consist primarily of an extension of the drug's pharma- 
cological actions beyond the time period needed for surgery and 
anesthesia. This may vary from skeletal muscle weakness to profound 
and prolonged skeletal muscle relaxation resulting in respiratory insuffi- 
ciency or apnea. Inadequate reversal of the neuromuscular blockade by 
anticholinesterase agents has also been observed with Pavulon (pan- 
curonium bromide) as with all curariform drugs. These adverse reactions 
are managed by manual or mechanical ventilation until recovery is 
judged adequate. 

Cardiovascular: A slight increase in pulse rate is frequently noted 

Gastrointestinal: Salivation is sometimes noted during very light anes- 
thesia, especially if no anticholinergic premedication is used. 

Skin: An occasional transient rash is noted accompanying the use of 
Pavulon. 

i Respiratory: One case of wheezing, responding to deepening of the 
inhalational anesthetic, has been reported. 

DRUG INTERACTION: The intensity of blockade and duration of action 
of Pavulon IS increased in patients receiving potent volatile inhalational 
anesthetics such as halothane, diethyl ether, enflurane and methoxy- 
flurane. 

Prior administration of succinylcholine, such as that used for endo- 
tracheal intubation, enhances the relaxant effect of Pavulon and the 
rating e inet If succinylcholine is used before Pavulon, the admin- 
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DOSAGE AND ADMINISTRATION: Pavulon should be administered only 
Er the supervision of experienced clinicians. DOSAGE MUST 
rubis IDUALIZED IN EACH CASE. See package insert for suggested 
CAUTION: Federal law prohibits dispensing without prescription 
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Features: 


e AUTOMATIC body and 
injectate temperatures 


e AUTOMATIC thermal curve 


Features: 


e Convenient and complete 
sterile packaging 
e Precalibrated and 


e ACCURATE cardiac outputs 
— adult and pediatric ranges 


e SIMPLE pushbutton 


e Tapered tip — pressure fidelity 
d introduction 


e Thermistor located inside J 











operation recording | 
e ADJUSTABLE test e CHOICE of injectate volume interchangeable curve — prevents PA wall contact 
calibration and temperature e Adult, pediatric and direct » Balloon protection shield 


e SERVICEABLE — interchangeable circuitry placement sizes 


For additional information contact Ross A. Linnemann 
KIMRAY MEDICAL ASSOCIATES 
53 N.W. 42nd. Oklahoma City, Oklahoma 73118 


Imi cC (405) 525-3623 





INTERNATIONAL SYMPOSIUM 
ANESTHESIA AND THE HEART PATIENT 


May 30, 31 & June 1, 1980 


The Symposium is a singular gathering of distinguished scientists. It will provide a comprehensive review 
of current experience, recent advances and challenges of the future. 


TOPICS 


*Hemodynamic effects of anesthetic drugs 

*Anesthesia for noncardiac operations in patients 
with heart disease 

*Pharmacological and mechanical support of the 


sponsored by The Cleveland Clinic Foundation 


*Pathophysiology of heart disease 

*Perioperative diagnosis and intraoperative moni- 
toring 

* Anesthesia for open heart surgery 


*Postoperative care 
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Foundation, 9500 Euclid Avenue, Cleveland, Ohio 44106 (216) 444-5696. Registration fee of $275 includes panels, 
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Anesthesia Gas Machines 

CO» Absorbers 

Vaporizers 

Anesthesia Ventilators 

Oxygen Monitors 

Pressure Monitors 

Laryngoscopes 

Tube Connectors and Adapters 

Intubation Accessories 

Endotracheal Tubes 

Anesthesia Masks and Breathing Bags 

Anesthesia Breathing Circuits, Disposable and Reusable 
Bacteria Filters 

Oral and Naso Pharyngeal Airways, Disposable and Reusable 
Hose Assemblies and Fittings 


Suction Administering Equipment, Disposable and Reusable 


FOREGGER... NOW A DIVISION OF 
THE PURITAN-BENNETT CORPORATION. 


Puritan-Bennett Corporation 


FOREGGER Foregger Medical Division 


MEDICAL DIVISION 835 Wheeler Way 
Langhorne, PA 19047 
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Pharmacologic doses of corticoids have been used in uc 
the treatment of shock. unresponsive to conventional therapy, 
If adrenocortical insufficiency exists or is suspected. 


Differences That Count 
Hexadrol' phosphate injection is easy to handle, store and administer. Already 
in solution, it can be used directly from the vial. Hexadrol has benzyl alcohol as a 
preservative and is stable at room temperature. 

The multi-dose vial minimizes waste. When used in pharmacologic doses, Hexadrol 
offers significant savings over methylprednisolone* 


*Based on average wholesale price listings in Drug Topics Red Book 1979. Actual prices paid by direct purchasers will vary by order size but are usually lower for Hexadrol 


Hexadrol Phosphate Injection 


dexamethasone sodium phosphate Injection USP 





BEFORE PRESCRIBING OR ADMINISTERING, PLEASE CON- All corticosteroids increase calcium excretion. 

SULT COMPLETE PRODUCT INFORMATION, A SUMMARY OF WHILE ON CORTICOSTEROID THERAPY PATIENTS SHOULD 
WHICH FOLLOWS: NOT BE VACCINATED AGAINST SMALLPOX. OTHER IMMUNI- 
ACTIONS—Glucocorticoids cause profound and varied metabolic ZATION PROCEDURES SHOULD NOT BE UNDERTAKEN IN 


PATIENTS WHO ARE ON CORTICOSTEROIDS, ESPECIALLY ^ 

IN HIGH DOSES BECAUSE OF POSSIBLE HAZARDS OF 

NEUROLOGICAL COMPLICATIONS AND LACK OF ANTI- 
BODY RESPONSE. 

The use of Hexadrol Phosphate Injection (dexamethasone 
Sodium phosphate injection, USP) in active tuberculosis 
should be restricted to those cases of fulminating or dis- 
seminated tuberculosis in which the corticosteroid is used 
for the management of the disease in conjunction with an 
appropriate anti-tuberculosis regimen. 

If corticosteroids are indicated in patients with latent 


effects. In addition, they modify the body's immune response to 
diverse stimuli. 







and new infections may appear during their use. There may 
be decreased resistance and inability to localize infection 
when corticosteroids are used. Prolonged use of cortico- 


steroids may produce posterior subcapsular cataracts and  MEXADROL* tuberculosis or tuberculin reactivity, close observation is 

: PH necessary as reactivation of the disease may occur. During 
glaucoma with possible damage to optic nerves and may Kapsi rolonged Corticosteroid th th Hanis should 
enhance the establishment of secondary fungal or viral PEUAMCTMASONE 30008 Pro onged corticosteroid therapy, these patients shou 
ocular infections PNDTPHATE INICCTIQ VSP receive chemoprophylaxis. | 
Son studies have nol been done Wi Caa oo Sa _ RESINS | oc LOCaUR® fare instances of anaphylactoid reactions have 
tion studies have not been done with corticosteroids, the a 





roid therapy, appropriate precautionary measures 
should be taken prior to administration, especially 
when the patient has a history of allergy to any drug. A 


PRECAUTIONS—Drug-induced secondary adreno- 
cortical insufficiency may be minimized by gradual reduc- 


use of these drugs in pregnancy, nursing mothers or 
women of childbearing potential requires that the possible 
benefits of the drug be weighed against the potential haz- 
ards to the mother and embryo or fetus. Infants born of a 
: mothers who have received substantial doses of corticoster- = — € 


x 


oids during pregnancy should be carefully observed for tion of dosage. This type of relative insufficiency may 

signs of hypoadrenalism. , 100 mg persist for months after discontinuation of therapy; there- 
Average and large doses of cortisone or hydrocortisone can fore, in any situation of stress occurring during that period, 

cause elevation of blood pressure, salt and water retention, and hormone therapy should be reinstituted. Since mineralocorticoid 

increased excretion of potassium. These effects are less likely to secretion may be impaired, salt and/or a mineralocorticoid should 

occur with the synthetic derivatives except when used in large be administered concurrently. 

doses. Patients with stressed myocardium should be observed. There is an enhanced effect of corticosteroids in patients with 

carefully and the drug administered slowly since premature ven- hypothyroidism and in those with cirrhosis. 

tricular contractions may occur with rapid administration. Dietary Corticosteroids should be used cautiously in patients with ocu- 


salt restriction and Rotassium supplementation may be necessary. lar herpes simplex for fear of corneal perforation 
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The 
lowest possible 
dose of corticosteroid 
should be used to control the 
condition under treatment, and when 
reduction in dosage is possible, the reduction 
must be gradual. 

Psychic derangements may appear when corticosteroids 
are used ranging from euphoria, insomnia, mood swings, person- 
ality changes, and severe depression to frank psychotic manifesta- 
tions. Also, existing emotional instability or psychotic tendencies 
may be aggravated by corticosteroids. 

Áspirin should be used cautiously in conjunction with cortico- 
steroids in hypoprothrombinemia. 

Steroids should be used with caution in nonspecific ulcerative 
colitis, if there is a probability of impending perforation, abscess or 
other pyogenic infection, also in diverticulitis, fresh intestinal anas- 
tomoses, active or latent peptic ulcer, renal insufficiency, hyperten- 
sion, osteoporosis, and myasthenia gravis. 

Growth and development of infants and children on prolonged 
corticosteroid therapy should be carefully followed. 

Intra-articular injection of a corticosteroid may produce sys- 
temic as well as local effects. 

Appropriate examination of any joint fluid present is necessary 
to exclude a septic process. 

A marked increase in pain accompanied by local swelling, fur- 
ther restriction of joint motion, fever, and malaise are suggestive of 
septic arthritis. If this complication occurs and the diagnosis of 
sepsis is confirmed, approrpriate antimicrobial therapy should be 
instituted. 

Local injection of a steroid into a previously infected joint is to 
be avoided. Corticosteroids should not be injected into unstable 
joints. 

ADVERSE REACTIONS— 

Fluid and electrolyte disturbances: Sodium retention; Fluid reten- 
tion; Congestive heart failure in susceptible patients; Potassium 
loss; Hypokalemic alkalosis; Hypertension. 


Musculoskeletal: Muscle weakness; Steroid myopathy; Loss of 
muscle mass; Osteoporosis; Vertebral compression fractures; 
Aseptic necrosis of femoral and humeral heads; Pathologic frac- 
ture of long bones. 


Gastrointestinal: Peptic ulcer with possible subsequent perfora- 
tion and hemorrhage; Pancreatis; Abdominal distention; Ulcerative 
esophagitis. 

Dermatologic: Impaired wound healing; Thin fragile skin; Pete- 
chiae and ecchymoses; Facial erythema; Increased sweating; May 
suppress reactions to skin tests. 


Neurological: Convulsions; Increased intracranial pressure with 
papilledema (pseudotumor cerebri) usually after treatment; Ver- 
tigo; Headache. 


Endocrine: Menstrual irregularities; Development of Cushingoid 











state; 
Suppression 
of growth in 
children; Secondary 
adrenocortical and pituitary 

unresponsiveness, particularly in times of stress, as in trauma, 
sugery, or illness; Decreased carbohydrate tolerance; Manifesta- 
tions of latent diabetes mellitus; Increased requirements for insulin 
or oral hypoglycemic agents in diabetics. 


Ophthalmic: Posterior subcapsular cataracts; Increased intraocu- 
lar pressure; Glaucoma; Exophthalmos. 


Metabolic: Negative nitrogen balance due to protein catabolism. 


Miscellaneous: Hyperpigmentation or hypopigmentation; Subcu- 
taneous and cutaneous atrophy; Sterile abscess; Postinjection 
flare, following intra-articular use; Charcot-like arthropathy; Itch- 
ing, burning, tingling in the ano-genital region. 

DOSAGE AND ADMINISTRATION—For treatment of unrespon- 
sive shock high pharmacologic doses of this product are currently 
recommended. Reported recimens range from 1 to 6 mg/kg of 
body weight as a single intravenous injection to 40 mg initially 
followed by repeat intravenous injection every 2 to 6 hours while 
shock persists. 

DOSAGE REQUIREMENTS ARE VARIABLE AND MUST BE 
INDIVIDUALIZED ON THE BASIS OF THE DISEASE AND THE 
RESPONSE OF THE PATIENTS. 

CAUTION—Federal law prohibits dispensing without prescription. 
HOW SUPPLIED—5-cc (4 mg/cc) multiple dose vial, NDC #0052- 
0796-05; 1-cc (4mg/cc) vial, box of 25, NDC + 0052-0796-25; 
10-cc (1Omg/ cc) vial (for intravenous or intramuscular use only), 
NDC #00520-0797-10; 

1-cc (Amg/co) Prefilled Disposable Syringe (for intravenous or 
intramuscular use only) NDC #0052-0796-26. 


Hexadrol is available in two potencies, 4mg/cc and 10mg/cc in 
aqueous solution with 1% benzyl alcohol as preservative. 


When You Need it... Hexadrol Has It! 


Organon Pharmaceuticals 
A Division of Organon Inc. 
West Orange, N.J. 07052 











Todays First Choice 


Hhr one enflurane 


Anesthetists are now using 
Ethrane® (enflurane) more often 
than any other potent anesthetic. 


Their reasons? 


e Stability of heart rhythm :: 
A noteworthy feature of anesthesia with Ethrane (enflurane) is stability of heart rhythm’. 


e Compatibility with epinephrine 


-* 


The compatibility of Ethrane (enflurane) with epinephrine used for hemostasis is such that up to 10 mi. al i Y 
of 1:100,000 or 1:200,000 epinephrine solution may be injected subcutaneously over a 10 minute m] 
period. Up to 30 ml of epinephrine solution may be administered over the period of an hour. 4 m 


e Minimal or no liver changes ! 
Ethrane (enflurane) has produced either no change or small, transient increases in liver enzymes. 
Repeated enflurane anesthesias also have not significantly altered these values? $. 

e Minute-by-minute control z 
With a blood/gas partition coefficient of only 1.9, Ethrane (enflurane) provides for a rapid induction 
and for rapid changes in depth to meet varying needs of surgery and patient management. 

e Potentiation of nondepolarizing relaxants 
Clinical use suggests that % to % the usual dose of nondepolarizing relaxant is required when . 
anesthesia is obtained with enflurane’. This potentiating effect helps reduce the risk of residual < 
recurring postanesthetic paralysis. Eo CN B 

e Rapid recovery; minimal anesthetic after-effect REUS 
Because of enflurane's low solubility in blood, patients emerge from anesthesia ' 
or no depression of mental function or residual symptomatic effect. A: 


. Dobkin AB, Nishioka K, Gengaje DB, et al: Ethrane (compound 347) anesthesia: a clinical and laboratory re 
700 cases. Anesth Analg 48:477-493, 1969. X 
Botty C, Brown B, Stanley V, et al: Clinical experiences with compound 347, a halogenated anesthetic agent. 


Analg 47:499-505, 1968. a Fes 
Lebowitz MH, Blitt CD, Dillon JB: Clinical investigation of compound 347 (Ethrane). Anesth Anaig 49:1104 97C 
Linde HW, Lamb VE, Quimby CW, et al: The search for better anesthetic agents: Clinical investigation 


Anesthesiology 32:555-559, 1970. 
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with dogs and a preliminary note on observations with man. Canad Anaesth Soc J 13:233-241, 1966. x 
Allen PJ, Downing JW: A prospective study of hepatocellular function after repeated exposure to halothane or 
enflurane in women undergoing radium therapy for cervical cancer. Brit J. Anaesth 49:1035-1039, 1977. E uu 
Hanquet M: Enflurane (Ethrane) anesthesia. A survey ofthe first 1000 cases. Acta Anaesthesiol Belg 25:289-299, 1974. — 
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| Ethrane (enflurane ) 


CAUTION: Federal Law Prohibits Dispensing without Prescription. 


DESCRIPTION 
ETHRANE (enflurane) is a nonflammabie inhalation anesthetic 
agent. It is 2-chloro- 41 2-trifluoroethyl difluoromethy! ether, mole- 
cular weight 184.5, and its structural formula is: 


The boiling point is 56 5°C at 760 mm Hg. and the vapor pres- 
sure (mm Hg) is 175 at 20°C, 218 at 25°C. and 345 at 36°C. Vapor 
pressures can be calculated using the equation: 

logioP = T = 7 


B= — 16784 
T =°C +273.16 (Kelvin) 

The specific gravity (25°/25°C) is 1.517. The refractive index 
at 20° is 1 3026-1.3030. The blood/gas coefficient is 191 at37°C 
and the oil/gas coefficient is 98.5 at 37°C. The MAC (minimum 
alveolar concentration) in man is 1.68 percent in pure oxygen, 
0.57 in 70% nitrous oxide and oxygen, and 1.17 in 30% nitrous 
oxide and oxygen. 

ETHRANE is a clear, colorless, stable liquid whose purity ex- 
ceeds 99 9 percent (area % by gas chromatography). No chemical 
stabilizers are added as these have been found, through controlled 
laboratory tests, to be unngcessaty to maintain stability even in 
the presence of ultraviolet light. THRANE is stable to strong 
base and does not decompose in contact with soda lime and does 
not attack aluminum, tin, brass. iron or copper. The partition co- 
efficients of ETHRANE at 95°C are 74 in conductive rubber and 
120 in polyvinyl chloride. 


ACTIONS 

ETHRANE (enflurane) is an inhalation anesthetic. Induction and 
recovery from anesthesia with ETHRANE are rapid ETHRANE 
has a mild sweet odor There is mild stimulus to salivation or 
tracheobronchial secretions when THRANE is used alone 
Pharyngea: and laryngeal reflexes are readily obtunded. The level 
of anesthesia changes rapidly with ETHRANE. ETHRANE re- 
duces ventilation as depth of anesthesia increases High pCO? 
levels can be obtained at deeper levels of anesthesia if ventilation 
is not supported. ETHRANE provokes a sigh response reminiscent 
of that seen with diethyl ether. 

There is a decrease in blood pressure with induction of anes- 
thesia, follcwed by a return to near normal with surgical stimula- 
tion. Progressive increases In depth of anesthesia produce 
corresponding increases in hypotension. Heart rate remains 
relatively constant without significant bradycardia. Electrocardio- 
graphic monitoring or recordings ! dicate that cardiac rhythm 
remains stable. Elevation of the carbon dioxide level in arterial 
blood does not alter cardiac rhythm. 

Studies in man indicate a considerable margin of safety in the 
administration of epinephrine containing solutions during 
ETHRANE anesthesia. ETHRANE anesthesia has been used in 
excision of pheochromocytoma in man without ventricular 
arrhythmias. On the basis of studies in patients anesthetized with 
ETHRANE and injected with epinephrine containing solutions to 
achieve hemostasis, up tc 10 ml of 1:100,000 or 1:2 000 epine- 
phrine con E solution may be injected subcutaneously at a 
rate of not more than 10 mi per minute and no more than 30 ml per 
hour. All customary precautions in the use of vasoconstrictor 
substances should be observed. 

Muscle relaxation may be adequate for intra-abdominal opera- 
tion at normal levels of anesthesia. Muscle relaxants may be used 
to achieve greater relaxation and all commonly used muscle re- 
laxants are compatible with ETHRANE. THE NONDEPOLARIZ- 
ING MUSCLE RELAXANTS ARE POTENTIATED. In the normal 
70 kg adult, 6 to 9 mg of d-tubocurarine or 1 to 1.5 mg of pan- 
curonium will produce à 90 percent or greater depression of twitch 
height. Neostigmine does not reverse the direct effect of 
ETHRANE. 

Biotransformation of ETHRANE in man results in low levels of 
serum fluoride ions averaging 15 mM/L. These levels are well 
below the 50 mM/L threshold level which can produce minimal 
renal damage in normal subjects; however, itis possible that these 
levels could result in damage in patients with severely impaired 
renal function or those undergoing renal transplantation Depres- 
sion of lymphocyte transformation does not follow prolonged 
ETHRANE anesthesia in man in the absence of surgery Thus 
ETHRANE does not depress this aspect of the immune response 


INDICATIONS 
ETHRANE (enflurane) may be used for induction and maintenance 
of general anesthesia. Adequate data have not been developed 
to establish its application in obstetrical anesthesia. 


CONTRAINDICATIONS 
Seizure disorders (see WARNINGS). 
Known sensitivity to ETHRANE (enflurane) or other halogenated 


anesthetics. 

j WARNINGS 
increasing depth of anesthesia with ETHRANE (enflurane) may 
produce a change in the electroencephalogram characterized by 


high voltage, fast frequency, progressing through spike-dome 
complexes alternating with periods of electrical silence to frank 


thesia is exacerbated by low arterial carbon dioxide tension. A 
reduction in ventilation and anesthetic concentration usually 
suffices to eliminate seizure activity. Cerebral blood flow and 
metabolism studies in normal volunteers immediately following 
seizure activity show no evidence of cerebral hypoxia. Mental 
function testing does not reveal any impairment of performance 
following prolonged ETHRANE anesthesia associated with or not 
associated with seizure activity. 

Since levels of anesthesia may be altered easily and rapidly, 
only calibrated vaporizers which measure output with reasonable 
accuracy should be used. Hypotension and respiratory exchange 
can serve as a guide to anesthesiadepth. Deep levels of anesthesia 
"m produce marked hypotension and respiratory depression. 

he aciion of nondepolarizing relaxants is augmented by 
ETHRANE. Less than the usual amounts of these drugs should be 
used. If the usual amounts of nondepolarizing relaxants are given, 
the time for recovery from myoneural blockade will be longer in 
the presence of ETHRANE than for other commonly used 
anesthetics. 

Usage in Pregnancy: Safety in pregnancy has not been estab- 
lished. Reproduction studies have been performed in rats and 
rabbits, and there is no evidence of harm to the animal fetus. The 
relevance of these studies to the human is not known. Since there 
is no adequate experience in pregnant women who have received 
the drug, safety in pregnancy has not been established. 


PRECAUTIONS 
Bromsulfalein (BSP) retention is mildly elevated postoperatively 
in some cases. This may relate to the effect of surgery since pro- 
longed anesthesia (5 to 7 hours) in human volunteers does not 
result in BSP elevation. There is some elevation of glucose and 
white blood count intraoperatively Glucose elevation should be 
considered in diabetic patients. HRANE (enflurane) should be 
used with caution in patients who by virtue of medical or drug 
history could be considered more susceptible to cortical stimula- 
tion produced by this drug. As with other general anesthetics and 
some muscle relaxants, hyperpyrexia has been observed with 


ADVERSE REACTIONS 

1. Motor activity exemplified by movements of various muscle 

roups and/or seizures may be encountered with deep levels of 

THRANE (enflurane) anesthesia, or light levels with hypocapnia 

2 Hypotension and respiratory depression have been reported 

3 Arrhythmias, shivering, nausea, and vomiting have been 
reported 

4 Elevation of the white blood count has been observed 


DOSAGE AND ADMINISTRATION 
The concentration of ETHRANE (enflurane) being delivered dur- 
ing anesthesia from a vaporizer should be known. This may be 
accomplished by using: 
a) vaporizers calibrated specifically tor ETHRANE. 
b) vaporizers from which delivered flows can easily and readily 
be calculated. 


into account that secretions are weakly stimulated by HRAN 
and the heart rate remains constant. The use of anticholinergic 
drugs is a matter of choice. 

induction: Induction may be achieved using ETHRANE alone 
with oxygen or in combination with oxygen-nitrous oxide mixtures. 
Under these conditions some excitement may be encountered. If 
excitement is to be avoided, a hypnotic dose of a short-acting bar- 
biturate should be used to induce unconsciousness, followed by 
the ETHRANE mixture. In general, inspired concentrations of 
4 5-4. 59; ETHRANE produce surgical anesthesia in 7-10 minutes 

Maintenance: Surgical levels of anesthesia may be obtained 
with 1.5-3% ETHRANE. Maintenance concentrations should not 
exceed 3%. If added relaxation is required, supplemental doses 
of muscle relaxants may be used. Ventilation to maintain the ten- 
sion of carbon dioxide in arterial blood in the 35-45 mm Hg range 
is preferred. Hyperventilation should be avoided in order to 
minimize possible CNS excitation. . 

The level of blood pressure during maintenance is an inverse 
function of ETHRANE concentration in the absence of other com- 
plicating problems. Excessive decreases (unless related to hypo- 
volemia) may be due to depth of anesthesia and in such instances 
should be corrected by lightening the level of anesthesia. 

Overdosage: In the event of overdosage, or what may appear 
to be overdosage, the following action should be taken: 

Stop drug administration; establish that the airway is clear and 

initiate assisted or controlled ventilation with pure oxygen as 

circumstances dictate. 


PACKAGING 
ETHRANE (enflurane) is packaged in 125 and 250 ml amber 
colored bottles. 


Ohio Medical Products 


Division of Airco Inc. 
P.O. Box 7550, 3030 Airco Drive, Madison, Wis. 53707 
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IM V| Ventilator 


Intermittent Mandatory Ventilation 


Continuous-flow voluntary ventilation, with inter- 
mittent forced breaths, is an alternative to assisted or 
controlled respiration. It has been found especially 
valuable for infants and for use in “weaning” adults as 
they improve. 


Air fully humidified (and usually enriched with 
oxygen) flows continuously to a reservoir bag, and is 
available for unobstructed inspiration by the patient. 
A slight expiratory back-pressure (PEEP) may be 
added, to keep the lungs expanded. At intervals the 
ventilator delivers a “mandatory” breath, which sup- 
plements the patient's own breathing activity and 
increases minute volume. The machine does not 
have to “take over”. The patient maintains his own 
homeostasis, without interference from drugs or 
hyperventilation.’ 


At first the ventilator is generally set to supply man- 
datory breaths at a normal controlled rate. This con- 
trolled respiration is then gradually changed, by 
lengthening the interval between breaths (a second 
or two at a time) as the patient's condition improves. 
Eventually mandatory breaths are spaced so far apart 
that the patient scarcely relies on them at all — and 
“weaning” is completed.’ 


VERSUS ASSIST 


Triggering an assistor has often been a problem, particularly for infants, since their rates are rapid 
and their inspiratory impulses are slight. If synchronization isless than perfect, the patient inhales (at 
least part of the time) with no fresh gas available. Under such circumstances, blood levels of CO, 
rise, as noted by Kirby and associates.’ 


VERSUS CONTROL 


For apneic patients, control is obviously needed. But to take over, when a patient is breathing 
spontaneously, drugs have to be used or the patient has to be hyperventilated. Either procedure has 
drawbacks. Paralytic or sedative agents may obscure signs ef neurological or metabloic disorders. 
Lowered muscle tone may impair venous return, and hencecardiac output. The effects of such drugs 
are particularly hard to predict in intants. 





Hyperventilation (often used to suppress spontaneous breathing efforts) has drawbacks, too. The 
resultant alkalosis reduces cerebral blood flow. Blood levels of calcium and magnesium are altered. 
Airway resistance increases and pulmonary compliance decreases with hy pocarbia.? Finally, there is 
evidence of a shift in the carbon dioxide response curve, which makes weaning more difficult. 


All of these pit-falls can be avoided by using continuous-flow IMV. 


Please request Form 3-MV. 


J. H. EMERSON COMPANY 


CAMBRIDGE, MASSACHUSETTS 02140 
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ANTILIRIUM 


(Physostigmine Salicylate) ^ 


QUICKLY BECOMING THE DRUG OF CHOICE FOR 
REVERSING PROLONGED SOMNOLENCE, 
DELIRIUM AND OTHER ANTICHOLINERGIC 

SIDE EFFECTS. 


More Anesthesiologists are relying on ANTILIRIUM because... 


e Patients are revived in minutes after |.V. administration. 
e Reverses anticholinergic side effects. 
e Patient safety — metabolized in 
the body in 60 to TAS 
120 minutes. `s 


ANTILIRIUM CROSSES 
THE BLOOD BRAIN BARRIER 
WHEREAS NEOSTIGMINE DOES NOT 





ANTILIRIUM, unlike other anticholinesters including 
neostigmine does not have a quaternary nitrogen atom, but 

has a tertiary amine. For this reason it is nonionized and rapidly 
crosses the blood brain barrier. 


o| J 
O'NEAL, JONES & FELDMAN PHARMACEUTICALS * ST. LOUIS, MO 63043 


ANTILIRIUM | 


(Physostigmine Salicylate) 


DESCRIPTION: ANTILIRIUM Injection (physostigmine salicylate) 
is OJF's brand of physostigmine salicylate 


eR NEST S On wrravenous use 79/7 
Each mh comaine SALICYLATE Te ADDRESS CHANGE NOTICE 


In a vehicle composed of Sodium Bisulfite 0.1%, Benzyl Alcohol 
2 0%: in water for injection q.s 


ACTION: ANTILIRIUM (physostigmine salicylate) is a salicylic 
acid derivative of an alkaloid extracted from seeds of Physostigma 


Venenosum (calabar bean). The action of the parasympathetic International Anesthesia Research Society 
nerves is intermediated by the formation of acetylcholine at the 3 

peripheral end pi pse, nerves n action a rele ip nies 3645 Warrensville Center Road 

normally very fleeting because o its hydrolysis by a specific A 

enzyme. Physostigmine inhibits the destructive action of cho- Cleveland, Ohio 44122 


linesterase and thereby prolongs and exaggerates the effect of 
the acetylcholine. The changes in body function which are 
produced by the injection of physostigmine are, therefore, very 
similar to those which would occur from simultaneous stimulation 


of the parasympathetic nerves and include contraction of the Please change my mail address for ANESTHESIA and 
pupil, increased tonus of the intestinal musculature, constriction 
of the bronchi and stimulation of secretion of the salivary and ANALGESIA, effective 


sweat glands 


Physostigmine contains a tertiary amine and easily crosses the 
blood brain barrier. while neostigmine contains a quarternary 
amine and is not capable of crossing the structure This may 
explain why neostigmine does not cause reversal of anticholinergic- 
induced delirium while physostigmine does 


Drugs with anticholinergic properties primarily antagonize acetyl- * 
choline competitively at the neuroreceptor site Cardiac muscle, 
exocrine glands, and smooth muscle are most markedly affected 
Action of the inhibitors is overcome by increasing the level of 
acetylcholine naturally generates in the an through eng 
the enzyme (cholinesterase) which normally prevents accumu'a- TE 

tion of excess acetylcholine. It does this by hydrolyzing that From (Current or former address) 
compound to inactive acetic acid and choline. Agents which 

inhibit this enzyme, so that acetylcholine accumulates at the 

neuroreceptor sites, are called anticholinesterases 


€ —— a! 


Physostigmine, one of the anticholine esterases which is a tertiary 
amine, crosses into the central nervous system and can reverse 
both central and peripheral anticholinergic actions 


The anticholinergic syndrome has both central and peripheral 
signs and symptoms Central toxic effects include anxiety. de- Street Address 
lium, disorientation, hallucinations, hyperactivity. and seizures 
Severe poisoning may produce coma. medullary paralysis. and 
death Peripheral toxicity is characterized by tachycardia. hyper- 
n mydriasis, vasodilatation. urinary retention, diminution 
of gastrointestinal motility. decrease of secretion in salivary and 


BEENDEN en en cea 


sweat glands, and loss of secretions in the pharynx, bronchi, 
and nasal passages 
Some drugs in the anticholinergic group, such as imipramine City, State, Zip Code 


and related tricyclics also produce additional toxic effects such 
as cardiac arrhythmias which can be reversed by physostigmine 


| Important: Show your name and address exactly as 
Dramatic reversal within minutes of coma. hallucinations, and 
other signs can be expected if the diagnosis is correct and the your Journal is now addressed. 


patient has not suffered anoxia or other insult. Toxic effects 

from mixed drug ingestions and combination preparations such 

as amitriptyline and perphenazine may respond less dramatically 

Since physostigmine is rapidly metabolized, therapeutic doses — d ———— — —— ————————T 
may be necessary at intervals as life-threatening signs such as 

arrhythmias. convulsions, and deep coma recur Physostigmine 

is destroyed in the body in 60 to 120 minutes 


INDICATIONS: TO REVERSE THE TOXIC EFFECTS UPON To—(New Address) 
THE CENTRAL NERVOUS SYSTEM CAUSED BY DRUGS 

IN CLINICAL OR TOXIC DOSAGES CAPABLE OF PRO- 

DUCING ANTICHOLINERGIC POISONING. 


It has also been reported that ANTILIRIUM (physostigmine salic ylate) 
may antagonize the CNS depressant effects of diazepam 


CONTRAINDICATIONS: DRISDSBAHIES salicylate injections 
should not be used in the presence of asthma. gangrene. diabetes. 

cardiovascular disease, mechanical obstruction of the intestines Street Address 
or urogenital tract or any vagotonic state. and in patients re- 

ceiving choline esters or depolarizing neuromuscular blocking 

agents (decamethonium, succinylcholine) 


a t i — M — T 


WARNING: If excessive symptoms of salivation, emesis, urina- 
tion and defecation occur. the use of ANTILIRIUM should be 


terminated. If excessive sweating or nausea occur, the dosage i aaa —Í— nati Á à 
should be reduced 
Intravenous administration should be at a slow. controlled rate. City, State, Zip Code 


no more than 1 mg per minute (see dosage) Rapid administration 
can cause bradycardia, hypersalivation leading to respiratory 
difficulties and possibly convulsions. An overdosage of ANTI- 
LIRIUM can cause a cholinergic crisis 


PRECAUTIONS: Because of the possibility of hypersensitivity 


in an occasional patient, atropine sulfate injection should always nn 
be at hand since it is antagonist and antidote for physostigmine 
ADMINISTRATION AND DOSAGE: The usual adult dose of Print Your Name 


ANTILIRIUM is O 5 to 2.0 mg intramuscularly or intravenously 
Intravenous administration should be at a slow. controlled rate of 
no more than 1 mg. per minute It may be necessary to repeat 
dosages of 1 mg. to 4 mg at intervals as life threatening Signs 
such as arrhythmias, convulsions and deep coma recur Phy- 
sostigmine salicylate is rapidly metabolized in the body 


IN ALL CASES OF POISONING. THE USUAL SUPPORTIVE 
MEASURES SHOULD BE UNDERTAKEN 


CAUTION. Federal law prohibits dispensing without prescription 
HOW SUPPLIED: Ampuls, 2 ml packed 12 per box 


O'NEAL, JONES & FELDMAN r 
MF! srious MISSOURI 63043 1079 
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SUNDAY, MARCH 9th: Registration: 1-7 p.m. 
Exhibits: 1-5 p.m. 

“The Keys of Paradise" (NOVA movie on endorphins): 3-4 p.m. 

Complimentary Informal Reception: 6-7 p.m. 





MONDAY, MARCH 10th through THURSDAY, MARCH 13th: 
Registration: Daily, coinciding with scientific meeting hours. 
Scientific Program: Monday: 8:30-4:30 p.m. 
Tuesday: 8 a.m.-4:30 p.m. 
Wednesday: 8 a.m.-12 Noon (FREE AFTERNOON) 
Thursday: 8 a.m.-4:15 p.m. 
... A total of 62 scientific papers and 16 Review Course Lectures will be offered in concurrent sessions 
throughout the 3% day scientific meeting. 
__. The Becton-Dickinson and Baxter/Travenol Lectures will be given at singlessessions at 1:30 p.m. on 
Monday and Tuesday. | 


(NOTE: A booklet including the 16 Review Course Lectures and abstracts of the 62 papers will be 
given to attendees as part of their registration. After the meeting this will be available for sale to 
others through the Cleveland business office at $5 per copy.) 

Scientific and Technical Exhibits: In addition to the Sunday exhibit viewing hours, exhibits will be open 
from 10 a.m. to 5 p.m. on Monday and Tuesday; and from 8 a.m. to 12 noon on Wednesday. 





Paid by March 3 At Meeting 
IARS Members, Associate Members $75.00 $85.00 
IARS Educational Members NO FEE NO FEE 
Non-Members $125.00 $135.00 
* New Members $100.00 $110.00 
** Non-Members (residents, nurse trainees) $20.00 $20.00 
*** New Members (residents, nurse trainees) $30.00/$45.00 $30.00/$45.00 


* with membership application 
** with letter from program director 
*** with completed application; $30 for 2-yr., $45 


for 3-yr. membership 


American Medical Association: This Continuing Medical Education offering meets the criteria for 22 
hours of Category 1 credit for the Physicians Recognition Award of the A.M.A. 
American Association of Nurse Anesthetists: Prior approval pending for 22 AANA continuing education 


credits. 


Registration material will be sent in mid-December to all IARS members, associate members and educational 
members. 

IARS members and others outside of the United States whc wish to attend the meeting should advise 
Cleveland office so that another set of material can be sent airmail. 
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IARS 54th CONGRESS DISTINGUISHED 
LECTURERS 








Fifteenth Annual Becton, Dickinson and Company 
Oscar Schwidetzky Memorial Lecture 


Monday, March 10, 1980 


“Recent Advances in the Study of the Control of Breathing” 


Joseph Milic-Emili, M.D. 
Professor, Department of Physiology 
Professor, Experimental Medicine 


McGill University, Montreal, Quebec, Canada 
Director, Meakins Christie Laboratories, 
Montreal, Quebec, Canada 
Former Chairman, Department of Physiology 
McGill University, Montreal 





Dr. Milic-Emili’s major research interests in respiratory physiology concern 
mechanics of breathing, pulmonary gas exchange and distribution, ventilation 
and perfusion relationships in the lungs, and the control of breathing. 


a u 





Eighteenth Annual Baxter/Travenol Lecture 


Tuesday, March 11, 1980 


“Evolution of Instrumentation and Technics for the Study of Cardiovascular Dynamics” 


Earl Howard Wood, M.D., Ph.D. 
Senior Consultant, Biodynamics Research Unit 
Department of Physiology & Biophysics 
Mayo Foundation, Rochester, Minnesota 


Professor of Physiology and Medicine 
Mayo Medical School, Rochester, Minnesota 





Dr. Wood's research goal has been the achievement of better understanding 
of the mechanisms by which the human heart, lungs and circulation adapt to the 
stress of disease, exercise or altered gravity. 
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EDITORIAL 


Anesthesiology and Its Publications 


FTER being published for the last 58 years as a 
bimonthly journal, ANESTHESIA AND AN- 
ALGESIA now goes to monthly publication with this, 
the January 1980, issue. The reason for this change is 
simply that the amount of material submitted to us 
which merits publication has increased to the point 
where it can no longer be accommodated on a bi- 
monthly basis. This tells us, we believe, something 
about where we stand in anesthesiology today, some- 
thing best appreciated when this rather modest 
change is put into the context of what has happened 
in the field of anesthesia publications since anesthesia 
was first introduced in 1846. 

Anesthesia was widely and extensively practiced in 
the years after 1846. There were, however, no journals 
devoted to matters anesthetic for almost 70 years. 
Nor, in retrospect, was there probably any need for 
anesthetic journals during this time. The number of 
physicians full-time in anesthesia was, at least outside 
the United Kingdom, miniscule. Those who were on 
the scene were practicing anesthesia with such vigor 
and dedication they had little time for or interest in 
research or publication. The first "journal" to be 
devoted to anesthesia, The American Journal of An- 
esthesia and Analgesia, did not appear until 1914. 
Published as a quarterly supplement to The American 
Journal of Surgery, it had as its sponsors the American 
Association of Anesthetists and the Scottish Society 
of Anaesthetists. It also had as its guiding light one of 
the most dynamic and fascinating of the early pi- 
oneers in American anesthesia, Dr. Francis H. Mc- 
Mechan. Dr. McMechan ultimately and, probably, 
inevitably found the step-child arrangement with The 
American Journal of Surgery somewhat less than 
satisfying to one with his drive and ambition to 
improve the status of anesthesia. He therefore started 
in 1922 the publication of a bimonthly competing 
journal, Current Researches in Anesthesia and Anal- 
gesia. The latter proved so popular and so successful 
that publication of The American Journal of Anesthe- 


searches in 1957 and to ANESTHESIA AND AN- 
ALGESIA in 1979) is thus the oldest journal in anes- 
thesia in the world. Current Researches in Anesthesia 
and Analgesia had as its initial sponsor the National 
Anesthesia Research Society. One of the orizinal ob- 
jectives of the journal was to provide a more effective 
mechanism for publication of the Transactions of the 
Associated Anesthetists of the United States and Can- 
ada, an organization which included the Canadian 
Society of Anesthetists (which became the section of 
Anaesthesia of the Canadian Medical Association in 
1927), the Interstate Society of Anesthetists (every- 
thing East of the Mississippi and North of th» Mason- 
Dixon line), the Southern Association of Anesthetists, 
the Mid-Western and Pacific Coast Associations of 
Anesthetists, and the American Association of Anes- 
thetists. In 1925 the National Anesthesia Research 
Society changed its name to the International Anes- 
thesia Research Society, the organization that has 
continued to publish the journal through its changes 
in name. The flavor, background, and History of 
anesthesia in the United States is nowhere more read- 
ily and richly appreciated than by scanning early 
issues of Current Researches in Anesthesiz and An- 
algesia. 

Current Researchs in Anesthesia and Analgesia was 
but a harbinger of things to come. Within a year the 
first issue of the British Journal of Anaesthesia ap- 
peared. It was originally published in hopes of serving 
as a focal point for the organization of all regional 
anesthesia societies in the United Kingdom, and, 
eventually, regional societies in all “dominions, col- 
onies and dependencies" into a single Bri-ish Asso- 
ciation of Anaesthetists. This goal was never realized, 
but the journal has continued to prosper, first quar- 
terly, and since 1955, as a monthly publicazion. 

The Association of Anaesthetists of Great Britain 
and Ireland, founded in 1932, was the organization 
which ultimately amalgamated all the regional anes- 


Ahesia.societies in the United Kingdom into one as- 





sia and Analgesia was terminated in 1926. Current] (GOLAN 1946 it started publishing its own journal, 
Researches in Anesthesia and Analgesia (its name w X Anaesthesi¥ quarterly at first but bimorthly since 


changed to Anesthesia and Analgesia, Current 
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EDITORIAL 


Anesthesiology f:rst appeared in 1940 as the. bi- 
monthly publication of the American Society of An- 
esthetists. Parented by the New York Society of An- 
esthetists in 1936, which in turn evolved from the 
Long Island Society of Anesthetists (founded in 1905), 
the A.S.A. became the American Society of Anesthe- 
siologists in 1945. The A.S.A. and the specialty con- 
tinued to grow and prosper over the years. By 1969 
Anesthesiology was obliged to convert to monthly 
publication to accommodate the ever increasing vol- 
ume of material beirg written in the field. 

Yet another new anesthesia journal appeared 
shortly after Anesthesiology when, in 1944, Anés- 
thesie et Analgésié, the journal of La Société Francaise 
d'Anesthésie et d'Analgésie, started as a bimonthly 
publication. Reanimation was added to its name and 
to that of its sponsoring society in 1957. This, the 
French journal of anesthesia, was in turn followed by 
another continental znesthesia journal in 1952, when 
Der Anaesthesist first appeared as a bimonthly pub- 
lication of the Osterreichischen Gesellschaft für An- 
aesthesiologie. By 1958, when European anesthesia 
had grown to such zn extent that Der Anaesthesist 
became a monthy journal, its sponsors also included 
the German and Swiss anesthesia societies. 

Yet another, a third, North American anesthesia 
journal, the Canadian Anaesthetists’ Society Journal, 
appeared on the scene in 1954 as the bimonthlv 
publication of the Canadian Anaesthetists' Society. A 


TABLE 
Growth of the World's Anesthesia Literature by Decades* 


-920 1930 1940 1950 1960 1970 198C 
Am J Anesth Analg (1914) Q 


Anesth Analg (1922) B B B B M 
Br J Anaesth (1923) Q Q Q M M M 
Anesthesiology (1940) B B B M M 
Anesth Analg (Paris) (1944) B B B B 
Anaesthesia (1946) Q Q Q B 
Anaesthesist (1952) M M M 
Can Anaesth Soc J (1954) B B B 
Acta Anaesthesio! Scand B B B 
(1957) 

Total issues per year 4 10 16 26 58 64 72 

* Q, quarterly: B, bimonthiy; M, monthly. 
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third European journal also started publication soon 
thereafter. Acta Anaesthesiologica Scandinavica, the 
journal of the Scandinavian Society of Anaesthesiol- 
ogists, first appeared in 1957. Initially a quarterly 
journal it, too, soon became bimonthly. 

The continued, almost inexorable growth of the 
world's anesthesia literature over the 60 years from 
1920 (4 issues per year) to 1980 (72 issues per year) 
can be seen in the Table. This is, however, but the tip 
of an iceberg. Many other equally important and 
outstanding anesthesia journals, not included in the 
Table, have also appeared over the years.* The Table 
does, nonetheless, reflect the steady increase in the 
amount of material published by and for anesthesiol- 
ogists throughout the world. Not only has the number 
of anesthesia journals increased, but the frequency of 
publication has also progressively increased. Journals 
that started off as quarterly publications invariably 
found it necessary to go to monthly or bimonthly 
publication. With almost equal regularity those that 
published bimonthly have progressed to monthly 
publication. That ANESTHESIA AND ANALGESIA 
now goes to monthly publication is yet another man- 
ifestation of the fact that the number of people in 
anesthesia throughout the world, the breadth of their 
interests, and the complexity of anesthesiology con- 
tinue to increase at such a pace that what sufficed as 
adequate outlets for publication of material relating 
to anesthesia in the past is no longer sufficient. As 
the specialty has grown, so, too, has its publications. 

The health, vigor, and scientific basis of any disci- 
pline can be judged by the quality and quantity of its 
literature. The growth of the anesthesia literature over 
the years tells us that anesthesia is globally doing well 
indeed. We can be proud of this record. 


Nicholas M. Greene, MD 
Editor in Chief 


* [nclusio unius non exclusio alterius. 5pace simply does not 
permit inclusion of all the meritorious anesthesia journals presently 
published. 
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TOMPKINS, B. M., TOMPKINS, W. J., LODER, E., AND NOONAN, A. F.: A computer-assisted 
preanesthesia interview: value of a computer-generated summary of patient's historical infor- 
mation in the preanesthesia visit. Anesth Analg 59:3-10, 1980. 


A computer-assisted preanesthesia historical interview and a computer-generated summary 
have been developed as an aid for preanesthesia rounds. Using a video monitor and a 
keyboard computer terminal, patients were questioned regarding previous medical, surgica., 
and anesthetic history, medications, allergies, and other items of particular interest to the 
anesthesiologist. Computer-generated data were compared to those derived from personal 
interviewing of patients by anesthesiologists. 

The computer interview was more accurate (€696, p « 0.0005) and less variable than the 
anesthesiologists in listing correct positive and negative historical information. When the 
computer interview summary was used in the preanesthesia visit (study 2) the anesthesiolo- 
gists' assimilation of historical information was greater (82.1896, p « 0.005) than when the 
summary was not used during the preanesthesia visit (73.7596) (study 1). When only positive 
symptoms and conditions were compared, however, the difference between the computer end 
the anesthesiologists became more obvious, with more positive findings listed by the computer 
than by the anesthesiologists. items missed by anesthesiologists included angina, myocard.al 
infarction, recent upper respiratory infection, asthma, and low back pain. } 

There was stronger agreement between the computer summary and the anesthesiologisis 
in study 2 than in study 1. Items showing improved agreement (p < 0.05) from study 1 to 2 
were a history of having had a local anesthetic, including adverse reactions, level of physical 
activity, alcohol use, and smoking. The computer was more correct (p < 0.05) than the 
anesthesiologists in more items in study 1 than in study 2. 

These findings suggest that a computer-generated summary of the preanesthesia history 
can enhance the anesthesiologists’ assimilation of pertinent information. The computer inter- 
view was seen by the physicians as an effective aid, and it was accepted well by patients. 


Key Words: COMPUTERS: anesthesia interviews; RECORDS, Anesthesia: preoperative. 
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COMPUTER-ASSISTED ANESTHETIC INTERVIEW 


OGISTICAL aspects of the surgical schedule and 
preoperative anesthesia rounds may often pre- 
clude thorough questioning of the patient on impor- 
tant historical items. Efficient and accurate transfer of 
this historical information from one member of the 
anesthesia care team to another is often impossible. 
The anesthetist needs an accessible, readable sum- 
mary of historical information that he or she would 
ideally elicit from the patient if time and circumstance 
allowed. 

Computers have been programmed successfully to 
take a medical history directly from the patient.’ 
Questionnaires designed to gather information on 
allergic," ? gynecologic,’ psychiatric," venereal dis- 
ease, drug abuse? and emergency room histories? 
have been implemented as well. Other workers? 
have implemented a detailed computer-automated 
preanesthetic questionnaire which is part of a complex 
clinical decision-maxing system for anesthesia. 

Investigators have shown that patient-machine rap- 
port is quickly and 2asily established? and that users 
react quite positively to the experience of dealing with 
the computer.” “ Computers record information more 
completely and more accurately than physicians.” ? !* 
Patients may prefer the computer over the physician 
as the history taker,’ and at times patients are more 
honest in a computer interview than in a verbal 
interview with respect to topics such as drug abuse? 
emotional problems,” or smoking history. 

A computer-assisced preanesthesia interview has 
been designed for rapid, reliable collection and con- 
venient display of preanesthetic patient historical in- 
formation. Studies presented here were designed to 
compare the computer-generated historical summary 
with the anesthesiologist’s historical information, and 
to determine whether use of this,summary in the 
preoperative visit improves the physician’s assimila- 
tion of patient historical information. 


Methods and Materials 


Institutional approval for these studies and written 
informed consent were obtained. The initial comput- 
erized patient interview was incorporated into the 
admissions procedure and took approximately 45 
minutes for the patient to complete. Information was 
directly entered by the patient and stored in the 
computer for immediate retrieval and further study. 

Although an interviewer aide supervised the initial 
uptake of demographic and medical information and 
was available throughout for questions or problems, 
a short instructional program was included in the 
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computer interview which allowed the patient to com- 
plete the interview without immediate supervision. A 
set of teaching frames informed the patient about 
different types of anesthesia. A concise two-page 
summary was generated on a line-printer, checked by 
the patient for errors, and a copy of the summary was 
given to the patient for his or her own records. The 
patient’s privacy was assured by limiting access to the 
computer to those who were cognizant of a secret 
password. 


Logic Design and Interview Construction 


The interview, for use on a Digital Equipment 
Corporation PDP-15 computer, was written with the 
Beth Israel Converse Interviewing System, a Meditech 
Information Interchange System (MIIS) language pro- 
gram which facilitates the creation, editing, and op- 
eration of an interactive interview containing complex 
branching logic." This system used a direct computer- 
patient interviewing process with immediate storage 
of information. A video monitor was connected to the 
computer by an acoustic coupler and telephone. 
Questions were presented in frames with sequences 
of choices on the video monitor and the patient 
answered by pressing keys on a typewriter-like device 
or computer terminal keyboard. Within 10 minutes 
of completion of the interview the stored responses 
were converted to summary information and printed 
out. 

For each frame or question and possible answer 
choices, the content and branching logic was defined. 
Branching logic for a particular frame was specified 
in terms of the patient's response to that frame and/ 
or the previous frame. Responses to frames were 
either open text in the patient's own words, or mul- 
tiple choice responses. 

For both types of questions, open text or multiple 
choice, the predetermined branching pattern known 
as response logic was entered at the time of frame 
construction. Latency logic was also entered and de- 
termined the length of time the question appeared on 
the screen. After a specified time the frame automat- 
ically skipped to a fixed frame that reminded the 
respondent that he had not yet answered the question. 
A question had to be answered before the frame 
would branch to the next question. The final frame 
assigned a permanent storage number to the patient 
and advanced automatically to the transfer of re* 
sponses into summarized form. The computer sum- 
mary information sequence was written with the 
Summary Construction Program of the Converse sys- 
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tem." To list information in the summary, a text 
phrase in medical terminology was defined along with 
the conditions under which that phrase was to be 
printed in the summary. The interview consisted ini- 
tially of a branching logic scheme of 243 frames and 
was edited down to 208 frames. 

The body of the preanesthesia interview was made 
up of questions similar to those asked by the anes- 
thesiologists during the preoperative visit including 
the surgical and anesthetic history, a pertinent system 
review, dental information, social history, family an- 
esthetic history, medications and allergies, and ques- 
tions about the patient's current level of anxiety. Ten 
anxiety symptoms taken from the Hopkins Symptoms 
Check List? a computerized psychiatric interview, 
were included to assess the patient's current level of 
anxiety. 


Study Design 


Two separate studies were done to evaluate the 
effectiveness of a computer-generated preanesthetic 
historical summary. In study 1 the compute--gener- 
ated summary was withheld from the anesthesiologist 
until the study process had been completed. in study 
2 the computer summary was given to the anesthe- 
siologist for use during the preoperative visit. After 
giving written informed consent 84 patients admitted 
for surgery, i.e., 42 patients in each study, were inter- 
viewed bv computer. To assess the eventua: assimi- 
lation or working knowledge of historical informa- 
tion, the anesthesiologists were questioned curing or 
immediately following surgery on the same historical 
items or categories that were included in the computer 
summary. 

The anesthesiologists’ information and the com- 
puter summary information were compared for agree- 
ment or disagreement, for correct and incorrect an- 
swers, and for positive symptoms elicited by each. In 
instances where the computer and anesthesiologist 
agreed, both were assumed to be correct; where there 
was disagreement, a correct answer was defined dif- 
ferently depending on the item. For certain items that 
were difficult to document, the computer summary, 
that is the patient's answer, was considered correct. 
These items included level of physical activity, smok- 
ing, and alcohol intake. For the most recent and past 
surgical history, when disagreement occurred the 
medical record was consulted and defined as correct. 


For most other items, a positive symptom or finding: 


listed by either the computer summary or the physi- 
cian was considered correct. These items included 


family history of anesthesia, history of having had a 
local anesthetic including symptoms of side effects or 
allergy, the system review, pertinent dental informa- 
tion, current medications, and allergies. 

. Of 33 participating anesthesiologists 28 were re- 
questec to weight subjectively on a numerical rating 
of 1 to 10 the importance of asking each historical 
question under ideal circumstances. All items with 
the exception of hometown and occupation were 
strongly recommended (Table 1). Each item, when 
correct was multiplied by its mean relative value 
rounded off to the nearest whole number. Hence, 
when all items were summed for each patient, the 
subjective relative importance of each item was to 
some cegree reflected in the total patient score, or the 
relative value score. 

Only informational categories appearing in the 
comptter summary were evaluated. For each histori- 
cal item the percent correct was computed for the 
comptter and for the anesthesiologist. Each of the 42 
patien: relative value scores attained by the computer 
and Ey the anesthesiologist was converted to an 
achievement score by dividing the attained score by 
the maximum possible relative value points. 

Within each study a single sample chi-square test 
was used to show on which items the computer and 
anestkesiologists agreed, and were therefore both cor- 
rect. When disagreement occurred a sign test showed 
on which items the computer was more correct than 
the aresthesiologists. A 2 x 2 chi-square test was used 
to de:ermine on which items there was improved 
agreement between studies 1 and 2. 

A single-tailed t-test for paired observations was 
used :o compare within each study the relative value 
scores attained by the computer and by the anesthe- 
siologist in each of 42 patients. A single-tailed t-test 
for unpaired observations was used to test whether 
the anesthesiologists' achievement scores improved 
between studies. Within each study, 27 historical 
items in study 1 were compared and 34 in study 2. 
The original 27 items were compared between study 
1 anc study 2. 


Results 


Tre computer-generated summary is a composite 
of irr portant historical items presented in subsections 
similar to a typical patient history (Fig 1). It is a short, 
easily read form. 


Eval aation by Patient Relative Value Score 


It was anticipated that the anesthesiologist’s subjec- 
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TABLE 1 
X Relative Value For 34 Historical items 


Not impor- Minimally 


tant recommended 


1 2 3 


Hometown x 
Occupation 
Most recent surgery 
Date 
Name 
Anesthetic 
Problems 
Past surgery 
Date 
Name 
Anesthetic 
Problems 
Local anesthesia history , 
Problems with local anesthesia 
Family history of problems with 
anesthesia 
Review of systems 
Cardiac 
Hypertension 
Congestive heart failure 
Rheumatic fever 
Angina 
Other cardiovascular 
Activity 
Pulmonary 
Recent upper respiratory infec- 
tion 
Renal/excretory 
Hepatic /digestive 
Endocrine/ metabolic 
Skeletal 
CNS/muscular 
Hematologic 
Psychiatric 
Social history 
Alcohol 
Tobacco 
" Anxiety level 
Current medications 
Allergies 
Dental 


Moderately Strongly Very strongly 
recommended recommended recommended Essential 
4 5 6 7 8 g 10 
x 
x 
X 
X 
X 
X 
X 
X 
X 
x 
X 
X 
X 
x 
X 
X 
x 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 





tive rating of importance of an item would be reflected 
in the percent correct A mild but statistically signif- 
icant correlation was shown between the mean rela- 
tive value of the historical item and the percent correct 
by the anesthesiologists (r = 0.6256, p < 0.05) (study 
1). This correlation showed no improvement between 
studies 1 and 2 (r = 0.6220, p « 0.05) (study 2). 
Computation of individual weighted patient scores, 
` however, permitted the use of the more powerful 
nonparametric statistical tests. 

A scattergram of relative value scores shows the 
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difference between the computer summary and the 
anesthesiologists within each study (Fig 2). With the 
Sign test the computer score was shown to be higher 
in 38 of 42 cases in study 1 ( p « 0.001, z = 5.25) and 
in 40 of 42 cases in study 2 ( p « 0.001, z = 5.86). The 
mean computer summary relative value score for 42 
patients was higher than the anesthesiologists' ( p « 
0.0005) in both studies 1 and 2 (Table 2). In each 
study the computer scores were less variable than the 
anesthesiologists’ and the anesthesiologists’ variance 
did not improve between study 1 and study 2. The 


€ 
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PRE-ANESTHESTA INTERVIEW PAGE 1 
NAME? 
ADBRESS;: 


SEX: AGE? WEIGHT: 
OCCUPATION! UNEMPLOYED 
BATE GF INTERVIEW? 2 28 78 


LBS. HEIGHT: 


PATIENT'S IMPRESSIONS AROUT UPCOMING SURGERY: 
STATER SURGERY: *L. KNEE LIGAMENT REATTATCHNT* 
REASON FOR SURGERY TRAUMA QR ACEIIIENT 


PREUIOUS ANESTHETIC HISTORY 
DFERATIONS : 


1. RATE Off AGES "1 2H 74° 
OPERATION? "AFPFENDECTUMY " 
REASON FOR OPERATION: 

PAIN RELIEF 
ANESTHETIC? GENERAL 


N 


. BATE OR AGE? *1973* 
OPERATION? *TONSILLECTOMHY" 
REASON FOR OPERATION! 

INFECTION OR INFLAMMATION 
ANESTHETIC: GENERAL 


PROELFHS ENCOUNTERED WITH GENERAL ANESTHESIA! 
MONE. 


PATIENT HAS HAR SURGERY REQUIRING LOCAL OR NERVE BLOCK ANESTHESIA 
FROBLEMS ENCOUNTERED WITH LOCAL: 

PALPITATIONS 

LIGHTHEALE NESS 


PROBLEMS THAT BLOOR RELATIVECS) HAL WITH ANESTHESIA! NONE 
REVIEW OF SYSTEMS 


NOTE: POSITIVES LISTED ONLY 
SEE ATTACHED SHEET FOR DETAILED LIST 
OF ALL GUESTIONS ASKEN UNDER EACH SYSTEM 


A. GENERAL : 
PATIENT STATES THAT GENERAL HEALTH IS GOOF 
B. CARBIDUASCULAR: 
BENIES HISTORY DF HIGH BLDOD PRESSURF 
PATIENT EMPLOYER UNTIL THIS HOSPITALIZATION 
LEVEL OF ACTIVITY AT WORK! MINIMAL 


Fig 1. Computer-generated summary of preanesthesia histori- 
cal information. A comprehensive list of information asked is 










STUDY 2 
neg? 
Total Points Possible, 287 


STUDY | 
n= 42 
Total Points Possible: 228 
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^X 


Computer 
Interview 


Anesthesiologist's 
interview 


Anesthesiologisi's 
interview 


Computer 
Interview 


Fig 2. Total relative value scores for each patient attained by 
the computer summary and by the anesthesiologist. Each cor- 
rect historical item was multiplied by the relative value of the 
item. The resulting values were summed to obtain the total 
relative value score. 


anesthesiologists’ achievement score in study 2 was 
greater than in study 1 ( p < 0.005) (Table 2). 
Evaluation by Historical Item 


Strong agreement ( p « 0.05) between the computer 
summaries and the anesthesiologists summaries was 


SiniR FLIGHTS CLIMRED WITHOUT STUFFING: FIVE DR MORE 
C, PULM@NARY: 
D, EXCRETORY: 
£. HIGESTIVE? 
F. BLEG(QGT: 
G. NEUROMUSCULAR1 
H. SKELETAL? 
LOWER BACK PAIN 
1. ENDOCRINE: 
Je PSYCHIATRY? 
Ke SIGNIFICANT DENTAL INFORMATION: 
L. OTHER MEDICAL PROBLEMS NOT PREVIOUSLY STATENS 
NONE 


SOCIAL HISTORY: 


ALZOHDL CONSUMPTION ~ SELDOM 
CIBARETTE SHOKING - NEVER 


MEDICATIONS: 
NONE 
ALLERGIES tO MEDICATIONS: NONE 


LEVEL OF AFXIETY BUE TO UPCOMING SURGERY! 
PATIENT STATELY? A MODERATE AMOUNT 


ANXTETY SCaLE: 


PROBLEMS 
———— afin eee 
NERVOUSNESS OR SHAKINESS 1 x I 
TREMBL ING I X I 4. NOT AT ALL 
SCARED FOR NO REASON I X I 2. A LITILE RI] 
FEELING FEARFUL I x ] 3. MORFRATELY 
HEART POUNJING UR KACING I x I ^. QUITE A RIT 
FEELING [EYSE OR KEYLD UP J x 1 5. EXTREMELY 
SPELLS OF IERROR OR PANIC I X 1 
RESTLESSNESS I x I 
SIRANGENESS+ UNRFALITY I x I 
PUSHED TO GET THINGS DONE I X 1 


NOIE! FOR DETAILED LIST OF ALL QUESTIONS ASKED+ SEF ATTACHED SHEFT 


attached to the summary when presented to the anesthesiolo- 
gist. 


demonstzated in 70% of items in study 1 and in 87% 
of items in study 2. Local anesthetic history, level of 
physical activity, alcohol use, and smoking showed 
improved agreement in study 2 ( p < 0.05). 

Between study 1 and study 2, 26 of 27 items eval- 
uated showed a change in the percent correct for the 
anesthesiologists; 23 items improved, 3 items 
worsened, and 1 remained the same (Fig 3). The 
computer summary scores changed little between 
studies 1 and 2. In nearly all items in both studies the 
computer had more correct information than the anes- 
thesiologists. The computer was more correct ( p « 
0.05) than the anesthesiologist in 6196 of items in 
study 1 and only in 3996 of items in study 2. 

In addition to percent correct, for which credit was 
given fcr correct positive and negative findings, the 
number of positives alone elicized by the computer 
and the anesthesiologists for items under system re- 
view were compared (Table 3). It was evident that for 
those items showing a high percent correct, with little 
difference between the anesthesiologists and the com- 
puter (Fig 3), there were few positive historical symp- 
toms. These items were high blood pressure (HBP), 
congest:ve heart failure (CHF), rheumatic fever (RF), 
angina, and hepatic and endocrine/metabolic dis- 
eases. For items where a greater number of positive 
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TABLE 2 
Relative Value Scores and Overall Achievement Score (%) for 42 Patients in Study 1 (without Summary) and Study 2 (with 
Summary) 
Study 1 (S1) Study 2 (82) 
Computer Summary (Ci) Anesthesiologists (À) Computer Summary (C2)  Anesthesiologists (Ap) 

Historical items evaluated 27 34 
Total possible score 228 287 
Attained score (X + SD) 220.58 + 13.35 168.14 + 28.19*1 276.31 + 11.94 233.90 + 33.96* T 
Achievement score (96) (X+ SD) 96.75 + 5.26 73.75 + 12.52 96.40 + 4.19 82.18 + 12.28f 

* p < 0.0005, (mean C, > mean À,, f = 10.17; mean C5; > mean Ao, t = 7.32). > 


t p < 0.05 (variance C, < variance A,, F = 5.66; variance Cz < variance Az, F = 8.59). 


t p < 0.005 (mean Az > mean A,, t = 3.11). 


(cO 
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Fig 3. Percent of correct answers for historical items on the 
computer interview. Percent correct for each historical item was 
obtained by summing correct answers for 42 patients and divid- 
ing by total possible correct answers. 
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symptoms were listed by the patient, a greater dis- 
crepancy between the computer and the anesthesiol- 
ogists was evident. Those items were other cardiovas- 
cular symptoms, pulmonary/upper respiratory infec- 
tion (PUL/URD, and renal and central nervous sys- 
tem/muscular disease (CNS/MUSC). In two of those 
items, other cardiovascular and pulmonary/upper 
respiratory infection, there was definite improvement 
in the anesthesiologists' performance between studies 
1 and 2, suggesting that the computer interview sum- 
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mary facilitated assimilation of historical information 
when used in the preoperative visit. For renal history, 
an increased number of positive findings in study 2 
was evident because cystitis was added to the symp- 
tom list, an item that anesthesiologists rarely asked 
about. This accounts for fewer correct answers elicited 
by the anesthesiologists than by the computer in 
study 2 than in study 1. 

Inspection of positive findings missed by the anes- 
thesiologists showed that items asked by the com- 
puter were too numerous and varied to be realistically 
asked by every anesthesiologist of each patient. 
Missed positives included a history of high blood 
pressure, angina, myocardial infarction, pulmonary 
symptoms, hepatitis, nephritis, and skeletal problems. 
Positives missed by the computer were fewer but 
included a history of seizures, poliomyelitis, and thy- 
roid disease. It appears that the anesthesiologists fre- 
quently did not question patients on many items but 
guessed at the answers, correctly guessing negatives 
but often missing positives. This accounts for the 
lower percentage of correct positive symptoms but a 
relatively high percentage of correct negatives. 

Participating physicians in study 2 were asked to 
comment on several aspects of the computer inter- 
view. The comments indicate that most physicians 
found the interview summary helpful and that fre- 
quently it prompted them to ask more questions. On 
occasion summary statements were misleading or in- 
complete, and in approximately one fourth of the 
cases the preanesthesia visit time was lengthened. 
Only two participating physicians were fearful that 
computer histories might impair patient care. 

Misleading information on the computer summary 
consisted of several symptom descriptions selected by 
patients which upon further questioning by the anes- 
thesiologist were considered not significant or were 
attributed to some other condition. These symptoms, 
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TABLE 3 


Positive Historical Symptoms or Conditions Elicited by Computer and Anesthesiologists 





Hyper- Rheu picos 
ten- matic Angina 
sion fever heart 
failure 
Study 1 
Positive symptoms 4 1 0 3 
Positive by computer 4 1 3 
% 100 100 100 
Positive by anesthe- 3 1 2 
siologists 
% 75 100 67 
Study 2 
Positive symptoms 4 1 0 1 
Positive by computer 4 1 1 
96 100 100 100 
Positive by anesthe- 3 0 0 
siologists 
96 75 Q 0 


which may be interpreted as interview summary false- 
positives, were angina (listed twice) and temperature 
rise with anesthesia, muscle paralysis, and kidney 
failure (each listed once). 

When studies 1 and 2 were combined there were 
93 corrections made by 50 patients on their respective 
computer interview summaries, confirming that pa- 
tients did make errors and that it was necessary for 
them to edit and correct their interview summary 
before it was presented to the physician or placed on 
the chart. 

Patients’ impressions about the computer interview 
were generally favorable. Of 84 patients 62 com- 
mented; 66% of the comments were favorable, 24% 
neutral, and 10% unfavorable. 


Discussion 


These studies demonstrate that the computer-as- 
sisted preanesthesia interview is more accurate and 
less variable than the anesthesiologists' preanesthesia 
interview in gathering preoperative historical infor- 
mation. The data also indicate that the anesthesiolo- 
gists’ assimilation of patient historical information 
improved when the computer summary was used 
during the preoperative visit. 

Although the computer summary improves the 
anesthesiologists' awareness of historical information, 
it still does not bring the achievement score of the 
anesthesiologists up to that of the computer summary. 
Human factors of motivation, recall, fatigue, and pres- 
sure to save time are not eliminated by computer aids. 


Pulmo- 
Other nary/ 
cardio- SPRAT Renal Hepatic ' Endocrine / CNS/ 
-espira- Metabolic Muscular 
vascular 2 
tory in- 
fection 
15 26 5 4 6 11 
14 24 5 4 5 10 
93 92 100 100 83 91 
3 10 2 3 4 3 
20 38 40 75 67 27 
37 43 16 1 6 8 
35 40 16 0 6 6 
95 93 100 Q 100 75 
17 21 4 1 4 4 
46 49 25 100 67 50 


Error or elimination due to information overload, 
however, may be corrected by use of computer re- 
minders. ** 

In some items in the present study, such as cardio- 
vascular and hepatic history, the anesthesiologists 
performed consistently well, with or without the com- 
puter summary. In these studies, however, few pa- 
tients in fact had symptoms of cardiac disease and the 
physician could get the correct answer without ac- 
tually having asked the patient. In the patient for 
whom symptom reviews were positive, the computer 
elicited the positives more often than did the anesthe- 
siologists. 

Other <actors may have caused some differences 
between study 1 and 2. The ongoing development of 
the interview was in progress and wording changes in 
several ccmputer questions were made. These would 
have influenced only the computer scores, which did 
not differ significantly between study 1 and 2. 

Since these studies were done sequentially, and 
since anesthesiologists who participated in study 1 
also partizipated in study 2, a training effect may have 
occurred. Some anesthetists may have learned to ask 
certain questions that they did not usually ask in the 
preoperative visit prior to the study. The training 
effect may be the mechanism by which the computer 
summary increased the anesthesiologists’ assimilation 
of preoperative historical information in this study. If 
such were true, it would suggest that a computer 
interview is in fact not redundant but rather that it 
improves care by eventually strengthening physicians’ 
history taking habits. This study does not prove or 
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disprove a training effect. However, in a study” of 
computer suggestions for patient management, a 
crossover design ruled out a training effect. 

Are computer history aids in medical care cost- 
effective? Are quali-y of patient care and/or the phy- 
sician’s sense of preparedness improved by computer 
history interviews? These questions are at present 
unanswered, Because the course and conduct of an- 
esthesia seldom markedly alters the patient’s eventual 
outcome except in the seriously ill, it is difficult to 
determine whether a certain treatment, method, prac- 
tice, or medical aid improves patient care. Several 
studies suggest however that computerized patient 
information systems do in fact improve care. Physi- 
cian responses to clinical signs, symptoms, or diag- 
nostic tests are increased by computer suggestions 
about the management of clinical events.’® In a ran- 
domized controlled trial of computer-held medical 
records in hypertensive patients certain symptoms 
and risk factors were recognized more often when the 
computer system was used.’ In another study,!! using 
a Clinical Decision Support System for anesthesia, 
complications were correctly anticipated in four of 
five patients. The computer interview described in the 
present studies allowed the anesthesiologist to focus 
on previously extracted important findings in the 
patient history. On a number of occasions further 
questioning was prompted by statements on the in- 
terview summary. 

In many clinical settings the preanesthesia visit is 
of necessity cursory. Many anesthesiologists have felt 
the stress of anesthetizing an unfamiliar patient at the 
last minute. The computer summary, if available on 
a routine basis, might reduce this work-related anxi- 
ety and minimize the pressure to complete rounds, 
allowing for a more effective preoperative visit. In 
addition, it would enhance assimilation of important 
historical information. Patient comments in these 
studies suggest that the computer interview might 
generate and reinforce optimistic feelings about the 
perioperative experience. Computer technology is ad- 
vancing rapidly and has invaded the practice of med- 
icine. Computers are one of the few items with a 
rapidly declining price, and with increased use the 
cost per patient is diminishing. The computer-assisted 
medical interview becomes cost-effective when em- 
ployed on a computer committed to additional proj- 
ects. 

A computer-assisted preanesthesia interview and 
summary has been developed as an adjunct to the 
preanesthesia visit. “he computer interview is more 
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accurate than the anesthesiologists in eliciting histor- 
ical information and, when used during the preanes- 
thesia visit, it improves the anesthesiologists' reten- 
tion of pertinent historical information. 
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STANLEY, T. H., LUNN, J. K., Liu, W.-S., GENTRY, S., AND OLSEN, D.: Peripheral vascular and 
direct cardiac effects of digoxin in the calf. Anesth Analg 59:11-18, 1980. ° 


Peripheral vascular and direct cardiac effects of intravenous digoxin (5, 10, and 15 ng/kg) 
were determined in a pharmacologic animal model, the unanesthetized calf before and after 
replacement of its natural heart (NH) with a pneumatically driven artific ai heart (AH). All doses 
of digoxin significantly increased cardiac output and stroke volume 30 and 60 minutes after 
administration before and after AH replacement. Increases in output ard stroke volume were 
greater before AH replacement than after. Increases in output were sirrilar with all doses of 
digoxin in AH calves but greater with increasing doses in NH calves. D goxin produced 
significant and similar increases in systemic vascular resistance within 5 minutes and signifi- 
cant and similar decreases 25 and 55 minutes later in NH and AH calvas. While increases in 
systemic vascular resistance were greater with 10 and 15 pg/kg than "with 5 ug/kg of digoxin, 
decreases in resistance were similar at all doses of digoxin in NH and AH animals. Mean 
aortic blood pressure transiently increased 5 minutes after all doses of digoxin in NH calves. 


Heart rate was reduced by all doses of digoxin 5 minutes after administration in NH calves but 
was unchanged from control in subsequent measurements. Heart rate was fixed in calves with 
an AH. Mean right atrial pressure was increased similarly by all doses of digoxin in NH and AH 
calves 30 and 60 minutes following administration. These data indicate that digoxin had 

significant peripheral vascular (arterial and venous) effects in the healtay calf and suggest that 
elevations in cardiac output and stroke volume after its use are partiall; due to both increases 


in pre-load and to decreases in systemic vascular resistance (after-loa-1). 


Key Words: HEART, digoxin. 





HE ABILITY of digoxin and other cardiac gly- 
cosides to increase myocardial contractility is 
well known.’ A number of reports suggest that these 
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compounds also possess significant peripheral vas- 

cular action." ^ *$ However, the importance of these 
latter effects on the total hemodynamic response is 
not clear. Recent advances in the development of an 
artificial heart (AH) to replace the natural heart of the 
patient w-th uncorrectabie or untreatable heart disease 
have mace available a unique animal model for study 
of the dif-erential cardiovascular effects of drugs with 
peripherel vascular and direct cardiac inotropic ac- 
tions. ° This model, the unanesthetized calf before 
and after its natural heart (NH) is removed and re- 
placed with a pneumatically powered pulsatile AH, 
not only enables quantitation but also separation of 
the myocardial effects of a drug from its actions on 
the peripheral vasculature. 9 In the present study, 
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the bovine AH model was used to differentiate cardiac 
and systemic vascular actions following administra- 
tion of 5, 10, or 15 ug/kg of intravenous digoxin. 


Method 


The experimental subjects were 40, 90- to 104-kg, 
bull calves, Each ca:f was anesthetized with sodium 
methohexital, 3 to 5 mg/kg, intravenously, the trachea 
intubated and anesthesia maintained with halothane, 
1 to 2%. A 10-gauge needle was placed percutaneously 
into the right external jugular vein. With continuous 
pressure recording, a 7 Fr Swan-Ganz triple-lumen 
catheter was threaded through the needle, the right 
ventricle, and into the proximal pulmonary artery. 
Another catheter (14 Fr) was placed percutaneously 
into the opposite jugular vein and threaded into the 
right atrium. A third catheter (17 Fr) was threaded 
into the central aorta through the left femoral artery 
via a small groin incision. Catheter positions were 
evaluated by fluoroscopy and catheter patency main- 
tained with a dilute heparinized (2 units/ml) solution 
of Ringer's lactate administered at a rate of 1 to 2 ml/ 
hr via a constant infusion pump. Anesthesia was then 
terminated and the animals extubated and allowed to 
recover for 24 to 48 hours. 


Pre-Artificial Heart Implantation Study Procedures 


Studies before AH implantation were performed 
with the calves standing in a metal cage. Arterial 
blood samples were drawn for blood gas analysis and 
pH. Following this, the animals breathed 10096 oxygen 
through a specially designed air-tight calf face mask. 
Collins 3-cm i.d. inspiratory and expiratory “J” valves 
(model P-304) were attached to the mask portals and 
the inspiratory valve was connected to a source of 
oxygen. Pulmonary arterial and aortic blood samples 
were obtained in duplicate (for oxygen content anal- 
ysis) after 20 minutes of oxygen breathing, and heart 
rate and mean pulmonary artery, aortic and right 
atrial pressures recorded. Oxygen uptake was meas- 
ured over a 3-minute period within 2 minutes of 
collection of aortic and pulmonary artery blood sam- 
ples by removing both "J" valves from the mask 
portals, attaching one of the portals to a standard 9-L 
oxygen-filled Collins closed-circuit spirometer 
equipped with water and CO, absorbers, and plugging 
the other portal of the face mask. 

Cardiac output was measured by using the Fick 
equation. Stroke volume was obtained by dividing 
cardiac output by heart rate. 

Blood carbon dioxide tension was measured with 
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a Severinghaus electrode, pH with a Radiometer glass 
electrode and oxygen tension with a modified Clark 
electrode. All electrodes were maintained at 39 C 
(normal for a calf) and frequently recalibrated with 
standard solutions and gases of known concentration 
and tension. Temperature corrections were made 
when necessary using standard bovine blood-gas cor- 
rection factors. Oxygen saturation was determined 
using an American Optical Co oximeter and hemo- 
globin with a Fisher Hemophotometer. Rectal tem- 
perature was monitored with a Yellow Springs tem- 
perature probe and recording module. It was assumed 
that 1 g of fully oxygenated calf blood combined with 
1.39 ml of oxygen. Blood oxygen content in milliliters 
per 100 milliliters was calculated from hemoglobin 
(Hb) capacity, oxygen saturation, and dissolved oxy- 
gen according to the following equation: 

Oxygen content 


= (1.39 g Hb/100 ml blood) (% Hb saturation) + 0.0031 X Pao, 


Systemic vascular resistance in dynes/sec/cm™ 


was calculated from the equation: 
Systemic vascular resistance 


Mean aortic pressure (torr) 
— mean right atrial pressure (torr) 
cardiac output (L/min) 

Following control measurements and with the 
calves breathing into the spirometer, 5, 10, or 15 ug/ 
kg of digoxin was rapidly given intravenously and 
after 5, 10, 15, 30, and 60 minutes pulmonary arterial 
and aortic blood samples were collected; oxygen up- 
take, heart rate, and pulmonary artery, aortic and 
right atrial blood pressures were remeasured; and 
cardiac output was recalculated. Two to 6 days later 
each calf had its NH replaced with a pneumatically 
driven AH. 

A silicone rubber or polyurethane four-chambered 
elliptical type of AH was used in these investigations. 
This type of AH as well as the implantation procedure 
and the pneumatic driving system employed to pump 
the heart have been described previously." 


Post-Artificial Heart Implantation Study Procedures 


Post-AH-implantation studies were initiated 14 to 
41 days after the operation when tidal volume was 
greater than 400 ml, arterial carbon dioxide tension 
(Paco, was less than 40 torr, and arterial oxygen 
tension (Pao,) was greater than 70 torr for six or more 
hours while breathing room air. Additional criteria 
for acceptance in the study included mean pulmonary 
artery, aortic and right atrial pressures within 2096 of 
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TABLE 1 
Cardiac Output after Digoxin* 


Minutes after digoxint 


Dosage Heart Control 
5 
ug/kg 

5 NH 8.0 + 0.6 7.5 2 OW 
AH 7.7 à 0.5 7.5 x 0.5 
10 NH 7.9 + 0.5 7.1 + 0.6" 
AH 7.6 + 0.4 6.8 x 0.5 
15 NH 7.7 + 0.6 40 0r 
AH 1.6 + 0.5 7.0 + 0.5? 


10 15 30 60 
liters / min 
8.1 + 0.7 8.4 + 0.6 9.1 + 0.539 9.2 + 0.5%? 
7.9+0.6 7.9 3 0.5 8.3 + 0.4? 8.4 + 0.5? 
7.7 X 0.6 8.5 + 0.5 9.3 + 0.6^? 9.5 + 0,5^7 
7.5 + 0.6 7.9 4 0.6 8.5 + 0.5? 8.5 + 0.4? 
7.6 + 0.6 8.4 + 0.4 9.5 + 0.6^ 7 9.7 + 0.4°° 
7.6 X 0.5 7.8 € 0.5 8.5 + 0.5? 8.4 + 0.5% 


* Values are means + standard deviation. These data represent the mear of a single measurement in each of 20 calves given 5 
pg/kg of digoxin and a single measurement in each of 20 additional calves given 10 „g/kg and at another time 15 ng/kg of digoxin. 


Abbreviations used: NH, normal heart; AH, artificial heart. 


t a, p < 0.05; b, p «0.025; c, p < 0.01: Student's paired t-test when compared to controls at the same dosage level; d, p < 0.05; 
e, p « 0.025: Student's paired t-test when compared to AH values in the sarre animal and at the same dcsage of digoxin. 


pre-AH levels when AH output was adjusted (via 
heart rate changes) to approximate pre-implantation 
values. When these criteria were met, arterial blood 
samples were drawn in duplicate for blood gas and 
pH analysis; each calf breathed 10096 oxygen through 
the calf face mask; and pre-AH implantation study 
procedures were repeated. 

Mean left atrial pressure was an additional variable 
available for measurement after AH implantation. 
Left atrial pressure was obtained, as were right atrial, 
pulmonary arterial, and aortic pressures and blood 
samples, from high pressure tubing connected to taps 
on the artificial atria and vascular grafts attaching the 


_ artificial ventricles to the natural pulmonary artery 


and aorta. Using mean left atrial pressure, it was 
possible to calculate pulmonary vascular resistance in 
dynes/sec/cm ? after AH implantation using the fol- 
lowing equation: | 
Pulmonary vascular resistance 


mean pulmonary artery pressure (torr) 
| ,— mean left atrial pressure (torr) 
= — X 80 
cardial output (L/min) 

All data were examined for statistical significance 
utilizing Student's paired t-test. Data reported repre- 
sent the mean of a single measurement in each of 20 
calves given 5 ug/kg of digoxin before and after AH 
replacement and in 20 additional calves given 10 ug/ 
kg and at another timel] 15 ug/kg of digoxin both 
before and after AH replacement. 


Results 


Mean values of arterial pH, Paco,, and Pao, were 
within normal limits and similar during control con- 


| A minimum of 5 days after administration of the 10 ug/kg 
dosage when all effects of this dosage would have dissipated. 


ditions ‘before administration of all doses of digoxin) 
prior to and after AH replacement. No dose of digoxin 
altered Paco, or arterial pH significantly at any time 
before or after AH replacement. 

Mear. values of all cardiovascular variables meas- 
ured were also not significantly different during con- 
trol conditions before and after AH replacement. 
Digoxir, 10 and 15 ug/kg, produced significant and 
similar reductions in cardiac output within 5 minutes 
in NH and AH calves (Table 1). Digoxin, 5 ug/kg, 
also reduced cardiac output after 5 minutes in NH 
and AH calves; these changes were not statistically 
significant. All doses of digoxin significantly in- 
creased cardiac output and stroke volume 30 and 60 
minutes after administration before and after AH 
replacement (Tables 1 and 2). Increases in cardiac 
output and stroke volume were greater before AH 
replacement than after. Increases in cardiac output 
and stroke volume were similar with all doses of 
digoxir. in AH calves but were greater with increasing 
doses in NH calves. 

Digoxin produced significant and similar increases 
in systemic vascular resistance in 5 minutes and sig- 
nifican: and similar decreases 25 and 55 minutes later 
in NH and AH calves (Table 3). Whereas increases in 
systemic vascular resistance were greater with higher 
doses of digoxin, decreases in resistance were similar 
at all coses of digoxin in both NH and AH animals. 
Pulmonary vascular resistance was only measured in 
AH calves and was markedly elevated by all doses of 
digoxin 5 minutes after administration but unchanged 
from control values thereafter (Table 3). 

Hea-t rate transiently decreased 5 minutes after all 
doses of digoxin in NH calves but was unchanged 
from control values thereafter (Table 4). Heart rate 
was fixed in AH calves. 
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TABLE 2 
Stroke Volume after Digoxin* 


MYOCARDIAL AND PERIPHERAL EFFECTS OF DIGOXIN 





Minutes after digoxint 





Dosage Heart Control 
5 10 15. 30 60 
ug/kg mi 
5 NH 93 + 10 99 + 13° 98 + 107 104 + 9*7 107 + 957 107 x 7^4 
AH 88 + 8 85 +12 9009 9048 96 + 8? 96 + 6? 
10 NH 92 3*9 100 + 13° 96 + 10° 103 + 12^? 110 x 1197 110 x 10*7 
AH 86 + 11 8029 85 + 10 902 9 97 + 10° 96 + 9? 
15 NH 88 + 10 103 + 12^* 94 x 11 104 + 10°? 116 + 11** 118 + 10** 
AH 86 +9 80 : 9 86 + 10 89 +9 96 + 10? 96 + 9? 





* Values are means + standard deviation. These data represent the mean of a single measurement in each of 20 calves given 5 
pg/kg of digoxin and a single measurement in each of 20 additional calves given 10 pg/kg and at another time 15 pg/kg of digoxin. 


Abbreviations used: NH, normal heart; AH, artificial heart. 


t a, p < 0.05; b, p < 0.025; c, p < 0.01: Student's paired t-test when compared to controls at the same dosage level; d, p < 0.05, 
e, p < 0.025: Student's paired t-test when compared to AH values in the same animal and at the same dosage of digoxin. 


TABLE 3 
Systemic and Pulmonary Vascular Resistance after Digoxin* 





Minutes after digoxint 





Dosage Heart Control 
5 10 15 30 60 
pg/kg dynes/sec/cm ^? 
Systemic 
5 NH 949. + 69 1,132 + 61? 1,002 + 47 954 + 54 861 + 43° 840 + 49? 
AH 1,015 + 41 1,123 + 55° 1,013 + 58 949 + 50 940 + 63° 907 + 62° 
10 NH 960 + 57 1,240 + 71° 1,029 + 66 894 + 59 817 + 54° 800 + 48° 
AH 992 + 64 1,282 + 78° 1,045 +73 962 + 48 856 + 42? 828 + 43? 
15 NH 987 + 62 1,245 + 65° 1,031 + 51 924 + 49 817 + 50° 804 + 63° 
AH 979 + 64 1,234 + 67° 1,052 + 69 974 + 58 859 + 51° 839 + 60" 
Pulmonary 
5 AE 147+18 203 + 24? 151 + 23 146 + 20 131 + 20 119419 
10 AE 147 4 17 200 + 25° 169 + 21 152 : 19 125 + 21 139 + 18 
15 AE 137 + 20 206 + 23^ 153 + 23 132+ 18 132+18 134 +19 





* Values are means + standard deviation. These data represent the mean of a single measurement in each of 20 calves given 5 
ug/kg of digoxin and a single measurement in each of 20 additional calves given 10 pg/kg and at another time 15 ug/kg of digoxin. 


Abbreviations used: NH, normal heart; AH, artificial heart. 


ta, p < 0.05; b, p < .025: Student's paired t-test when compared to controls at the same dosage level. 








TABLE 4 
Heart Rate after Digoxin* 
Minutes after digoxint 
Dosage Heart Control 
5 10 15 30 60 
ug/kg beats/min 
5 NH 85+ 10 75 x 7*7? 82 +9 81 £9 8548 86 4 10 
AH 88 88 88 88 88 88 
10 NH 86 +9 71 + 8^* 80 + 11 83 +12 84 +10 86 + 11 
AH 88 68 + 9^* 88 88 88 88 
15 NH 85 —- 9 88 81 + 10 81 + 11 82 4 12 82 3: 10 
AH 88 88 88 88 88 





* Values are means + standard deviation. These data represent the mean of a single measurement in each of 20 calves given 5 
ua /kg of digoxin and a single measurement in each of 20 additional calves given 10 ug/kg and at another time 15 ng/kg of digoxin. 


Abbreviations used: NH, normal heart; AH, artificial heart. 


T a, p < 0.05; b, p < 0.025: Student's paired t-test when compared to controls at the same dosage level; d, p < 0.05; e, p< 


0.025: Student's paired t-test when compared to AH values in the same animal and at the same dosage of digoxin. 
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Mean pulmonary arterial blood pressure was sig- 
nificantly and similarly increased by all doses of 
digoxin within 5 minutes in NH and AH calves but 
returned to control values in all subsequent measure- 
ments (Table 5). Mean aortic blood pressures in- 
creased 5 minutes after all doses of digoxin in NH 
calves and after 10 and 15 ug/kg in AH calves (Table 
5). Aortic pressures returned to values that were 
similar to those of control calves after 5 minutes. 
Mean left atrial pressure was only measured in AH 
calves and was transiently increased 5 minutes after 


TABLE 5 


Mean Aortic and Pulmonary Artery Blood Pressure after Digoxin* 


all doses of digoxin (Table 6). Mean right atrial pres- 
sure was not altered by any dose of digoxin in either 
group of animals until 30 and 60 minutes following 
administration when right atrial pressure increased 
slightly but similarly following all doses of digoxin in 
both groups (Table 6). 


Discussion 


The nealthy, standing, unanesthetized calf before 
and affer replacement of its natural heart with a 





Minutes after digoxinT 





Dosage Heart Control 
5 10 15 30 60 
ug/kg torr 
Aortic 
5 NH 99 €9 111 + 10° 105 £8 103 +7 10248 10249 
AH 102 +8 109 + 11 109 +9 107 +5 10118 101 +9 
10 NH 98 4+9 114 + 12° 104 +11 100 +9 102 + 8 103 +10 
AH 98 +8 113 x 13° 102413 100 +9 9723: 9 96 +9 
15 NH 99 x 10 113 + 13° 103 +10 103 + 10 104 + 11 104 + 10 
AH 98 +9 113 x 11? 105 + 11 100 +9 99 + 8 99 + 9 
Pulmonary artery 
5 NH 1942 27 + 3° 21+3 21+3 2144 20+4 
AH 19+3 26+ 2° 21+2 20+ 2 2043 20+3 
10 NH 1942 29 + 3° 2244 2042 20 +2 20 +2 
AH 19+2 27+ 2° 23 +3 20203 192 1942 
15 NH 18 +2 30 4 3? 2143 20 +2 19 4 2 1943 
AH 19 +2 29 + 3° 2343 19+2 194 2 19 +2 





* Values are means + standard deviation. These data represent the meen of a single measurement in each of 20 calves given 5 
ug/kg of digoxin and a single measurement in each of 20 additional calves given 10 ng/kg and at another time 15 pg/kg of digoxin. 


Abbreviations used: NH, normal heart; AH, artificial heart. 
t a, p < 0.05; b, p < 0.025: Student's paired t-test when compared to controls at the same dosage level. 


TABLE 6 


Mean Right and Left Atrial Pressure after Digoxin* 





Minutes after digoxint 





Dosage Heart Control 
5 10 15 30 60 
ug/kg 
Right 
5 NH 4 X1 4 x1 4 x 1 5cE 1 Oc 51 
AH 4+1 4+2 Gb 9257] 6 + 2° 6 x 1? 
10 NH 4 xi 43:1 So Scb £2" B+ 2? 
AH 4+1 4+1 441 SE 1 6 + 2? 8+ 2° 
15 NH 41 5s rcg 5-1 Tz B 
AH 5x1 Dc cu 2 5 c1 622 8 x 2° 
Left 
5 AH 541 B1 7402 6-2 5 R1 BT 
10 AH 5 3 1 10 x 2° 742 7+1 6 x 1 4 x1 
15 AH 6+ 1 11 x 2 E+2 6 +2 541 5 X1 





* Values are means + standard deviation. These data represent the mean of a single measurement in each of 20 calves given 5 


ug/kg of digoxin and a single measurement in each of 20 additional calves given 10 ng/kg and at another time 15 ug/kg of digoxin. 


Abbreviations used: NH, normal heart; AH, artificial heart. 
T a, p < 0.05; b, p < 0.025: Student's paired t-test when compared to controls at the same dosage level. 
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pneumatically driven artificial heart is a useful model 
for studies of cardiovascularly active pharmacologic 
compounds. Besides docility and ease of handling and 
instrumentation, the bovine artificial heart model en- 
ables investigation of drug action in animals in the 
absence of other pharmacologic or physiologic influ- 
ences, e.g., anesthesia or artificial respiration, which 
may modifv the cardiovascular manifestations of the 
compound under investigation. In addition, and more 
important, utilization of an animal before and after 
artificial heart implantation for drug investigation 
alows quantitation and separation of the effect of a 
compound on the peripheral vascular system (after 
AH replacement) from its effect on the heart plus the 
peripheral vascular system (before AH replacement). 

The findings of this study using the bovine AH 
model document the production by intravenous di- 
goxin of marked through transient increases in sys- 
temic and pulmonary arterial blood pressures and 
resistances, a slight decrease in cardiac output, and, 
in NH calves, a decrease in heart rate soon after 
administration. Left atrial pressure is also transiently 
increased by digoxin but right atrial pressure remains 
unchanged, at least initially. The above changes are 
replaced by significan: increases in right atrial pres- 
sure and cardiac output and decreases in systemic 
vascular resistance 30 and 60 minutes after digoxin. 

These data confirm previous work indicating that 
a marked increase in systemic vascular resistance and 
decrease in heart rate result in the reduction in cardiac 
output that is often seen after digitalis preparations 
are administered to mammals with a normal heart.” * 
However, our results also suggest that increases in 
peripheral resistance after digoxin are dose-depend- 
ent and transient in the standing calf and are replaced 
within a short time by decreases in peripheral resist- 
ance which are not dependent on dosage. Decreases 
in systemic vascular resistance were similar in both 
NH and AH calves 30 and 60 minutes after digoxin. 
Increases in right atrial pressure were also similar in 
both groups 30 and 60 minutes after digoxin. These 
changes coupled with significantly greater elevations 
in cardiac output in NH animals than in AH animals 
suggest that increases in cardiac output after digoxin 
in intact animals in the absence of congestive heart 
failure are due to a combination of dose-dependent 
increases in myocardial contractility and dose-inde- 
pendent decreases in after-load and increases in pre- 
load. 

The positive inotropic effect of cardiac glycosides 
on failing mammalian cardiac musculature has been 
amply demonstrated in the isolated myocardial mus- 
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cle preparation and man. Other work has demon- 
strated that digitalis preparations also improve my- 
ocardial contractility in the nonfailing mammalian 
heart.’ Although direct measurements of myocardial 
inotropy are not possible in the calf before AH re- 
placement with our experimental procedure, an esti- 
mation of change in myocardial contractility after 
administration of pharmacologically active com- 
pounds can be made by comparing hemodynamic 
alterations following drug administration before and 
after AH replacement. 

Stroke volume changes following pharmacologic 
administration in NH calves are dependent on alter- 
ations in heart rate, pre-load, after-load, and the 
contractile state of the heart. Our AH has a Starling 
curve with changes in pre-load and after-load similar 
to those observed in a calf with a normal heart, i.e., 
it adjusts itself to changes in venous return and pe- 
ripheral resistance and is not just a constant volume 
pump. Consequently, AH calves respond to drug 
administration in fashion similar to NH calves except 
their heart rate and contractile state are fixed. There- 
fore, stroke volume changes in AH calves are solely 
due to changes in venous return and systemic vascular 
resistance. In the absence of changes in heart rate, 
subtraction of stroke volume alterations following 
drug administration after AH replacement from those 
occurring following drug administration before AH 
implantation should yield that amount of stroke vol- 
ume change that occurred due to drug-induced ino- 
tropism. In this study digoxin produced similar alter- 
ations in right atrial pressure and systemic vascular 
resistance in NH and AH calves. While digoxin re- 
sulted in comparable changes in cardiac output after 
5, 10, and 15 minutes in both groups of animals, 
thereafter cardiac output increased significantly more 
in NH calves than AH calves. Thirty minutes after 15 
ug/kg of digoxin stroke volume was 12% and 32% 
and cardiac output 11% and 19% above control vol- 
umes in AH calves and NH calves, respectively. We 
believe the difference in stroke volume and cardiac 
output between NH calves and AH calves represents 
the positive inotropic effect of digoxin on NH my- 
ocardial musculature. 

The influence of digitalis on the peripheral vascu- 
lature is controversial. One reason for this is that only 
a few studies, utilizing a limited number of doses of 
a variety of compounds, have been performed. In 


Y For simplicity’s sake, after-load is equated with peripheral 
arterial resistance in this discussion. Strictly speaking, after-load 
= ventricular wall tension developed during ejection. 
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addition, the temporal effects of digoxin on the pe- 
ripheral vasculature have not been carefully con- 
sidered. Thus, studies in the dog"? and in 
man^ ^ * 14 19, 9 have reported increases, decreases, 
or no change in peripheral arterial resistance, venous 
return to the right heart, and arterial, central venous, 
and right atrial pressures. 

Our data in this study indicate that in the unanes- 
thetized calf not in heart failure, large doses of digoxin 
(10 and 15 ug/kg) produce greater increases in sys- 
temic vascular resistance early after administration 
than do smaller doses (5 ug/kg). Our data also dem- 
onstrate that all doses of digoxin result in similar 
decreases in systemic resistance and increases in right 
atrial pressure. The latter changes are, however, not 
evident until 30 minutes after administration of the 
digoxin. Considering the importance of both dosage 
and time of measurement in our data, it appears clear 
why the peripheral effects of digitalis have been so 
controversial. 

The doses of digoxin used in this study are within 
the therapeutic range in the calf, comparable to doses 
of digoxin administered to man and result in similar 
digoxin blood levels in the calf and in man (T. H. 
Stanley and D. Olsen, unpublished data). Still, di- 
goxin is.not often used in calves or patients not in 
congestive heart failure. Therefore, it is difficult to 
speculate whether the data obtained in this study in 
calves without cardiac failure are applicable in pa- 
tients in failure. Furthermore, patients in congestive 
heart failure often have elevated circulating catechol- 
amine blood levels.” Data from this laboratory have 
demonstrated that circulating catecholamine blood 
levels in calves 2 weeks after AH replacement are 
within normal range and similar to those measured 
before operation." This indicates that in spite of 
cardiac denervation, the AH calves used in this study 
and the NH calves were under similar, and probably 
normal, sympathetic autonomic influences. However, 
it also appears from studies performed in a few 
animals, that digoxin results in similar cardiovascular 
responses as observed in this investigation when ad- 
ministered to calves early after AH implantation 
(when circulating catecholamines are elevated) and in 
calves in congestive heart failure (T. H. Stanley and 
J. Lunn, unpublished data). 

The results of this study do not demonstrate the 
mechanisms responsible for the peripheral effects of 
digoxin. Explanations should include direct effects of 
digoxin on vascular smooth muscle? or changes sec- 
ondary to alterations in blood catecholamine concen- 
trations.“ Explanations do not include an additive or 


preservative in the preparation (because one was not 
used), nor do they include reflex changes in peripheral 
resistance secondary to improved myocardial contrac- 
tility (because contractility was constant in AH 
calves). Since alterations in pre-load and after-load 
change myocardial oxygen demand, an understanding 
of the effects and mechanisms involved in the periph- 
eral vascular actions of digoxin is important and 
deserves further study. 
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resuscitations in 88 adults. Shocks of 80 to 240 J (under 3 J/kg) delivered to the chest wall defibrillated 
more often than higher energy levels. Defibrillation rate did not correlate with weight. Defibrillation 
was determined by the diagnosis and setting in which VF occurred. Patients with acute myocardial 
infarction (AMI) and primary VF or with coronary disease and no AMI defibrillated more easily than 
patients with AMI and secondary VF or with no coronary disease. VF in a terminal patient (agonal 
VF) defibrillated less often than VF in other clinical situations. Age, weight, delivered energy, duration 
of pulse wave, and duration of VF had little, if any, influence on rate of defibrillation. These data fail 
to support the use of more expensive, high-output defibrillators sold by some manufacturers. (Gascho 
JA, Crampton RS, Cherwek ML, et al: Determinants of ventricular defibrillation in adults. Circulation 
60:231~240, 1979) 

See also—Editoria: (Adgey AAJ, Patton JN, Campbell NPS, et al: Ventricular defibrillation: appropriate 
energy levels. Circulation 60:219- 223, 1979). 
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HARPER, M. H., WINTER, P. M., JOHNSON, B. H., KoBLlIN, D. D., AND EGER, E. L, Il: Withdrawal 
convulsions in mice following nitrous oxide. Anesth Analg 59:19-21, 1980. 


Mice may be induced to convulse after (but not prior to) breathing nitrous oxide. We found 
that the incidence of this withdrawal phenomenon is related to the rartial pressure of nitrous 
oxide. A minimum (threshold) value of about 0.5 atm is necessary and the majority of mice 
convulse following exposure to 0.9 atm or greater. Exposures of longer than 15 to 30 minutes 
do not significantly increase the incidence of convulsions at any givan partial pressure. The 
mice remain susceptible to the induction of convulsions for only a brief period after removal 
from nitrous oxide. Although the duration of susceptibility is slightly increased after exposure 
to higher partial pressures, susceptibility in almost all cases is lost by 90 minutes. In mice, 
exposure to nitrous oxide is associated with evidence of physical dependence as evidenced 
by withdrawal symptoms, symptoms that may be related to the appearance of excitement 


which sometimes follows nitrous oxide anesthesia. 


Key Words: ANESTHETICS, Gases: nitrous oxide; ANESTHETICS: tolerance; BRAIN: convulsions; BRAIN: delirium. 


HRONIC ingestion of sedative-hypnotics or al- 

cohol may produce physical dependence in an- 
imals or humans. When dependence is established, a 
withdrawal reaction occurs upon abrupt discontinu- 
ance of drug ingestion. In mice, withdrawal is evi- 
denced by convulsions that appear when the mouse 
is picked up by the tail! We previously found that 
this characteristic withdrawal seizure also occurred 
after a short exposure to an anesthetizing partial 
pressure of nitrous oxide or after chronic (days to 
weeks) exposure to subanesthetic levels of nitrous 
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oxide.* We also demonstrated withdrawal following 
brief e«posure to anesthetizing levels of diethyl ether, 
cyclopropane, and ethylene.’ 

Since withdrawal signs had been produced by both 
short exposure to anesthetic levels of inhaled gases 
and prolonged exposure to subanesthetic levels, we 
sought to determine the time-dose relationship re- 
quired to produce dependence. Either a simple partial 
pressure times duration of exposure relationship 
could exist or there could be a minimum partial 
presstre below which dependence is not produced 
even after prolonged exposure. Similarly, a minimum 
duration of exposure could be necessary or the effect 
could be primarily related to the partial pressure 
admiristered. 

We therefore addressed the following questions. 
(1) Is there a threshold or minimum partial pressure 
required below which convulsions do not occur? (2) 
What is the minimum duration of exposure required 
at any given partial pressure? (3) Is the incidence of 
withdrawal convulsions related principally to partial 
pressure or to duration of exposure? (4) Does partial 
pressure or duration of exposure determine how long 
the dependent stage persists? 
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NITROUS OXIDE WITHDRAWAL CONVULSIONS 


Methods 


Groups of 10 to 14, 20- to 30-g, male Swiss ICR 
mice were exposed to nitrous oxide in a 20-L pressure 
chamber. The mice were placed in plastic cages with 
wire-mesh tops designed to contain three to six mice 
per section. No mouse was used in more than one test 
and no mouse displayed convulsions prior to anes- 
thetic exposure. 

The pressure chamber temperature was thermo- 
statically regulated and maintained at 30-31 C. Cham- 
ber gases were mixed and pulled through carbon 
dioxide absorbent by an induction motor-driven fan. 
Samples of gas in the chamber were removed through 
a bleed valve and analyzed by gas chromatography. 

The pressure chamber was flushed with oxygen for 
10 minutes resulting in 100% oxygen at 1 atm. Nitrous 
oxide was then added to the desired partial pressure, 
which was 0.6, 0.7, 0.9, 1.2, or 1.6 atm of nitrous 
oxide. Loss of pressure in the chamber ranged from 
0.5 to 1 psi/hr during all experiments. Exposure times 
at each partial pressure were 15, 30, 60, 120, 240, or 
1,000 minutes. In addition, mice were exposed for 8 
minutes to 0.9, 1.2, and 1.6 atm of nitrous oxide. 
Animals exposed to 1.6 atm for 1,000 minutes did not 
survive in sufficient numbers to warrant inclusion of 
their data. 

Each animal was tested for convulsions 15 minutes 
after removal from the chamber and every 15 minutes 
thereafter until no convulsions occurred in two con- 
secutive tests. The mice were gently lifted and held 
by the tail for 6 seconds. The test was considered 
negative if convulsions did not occur within that time. 

Differences were examined for significance by chi 
square analysis. À one-tailed Fishers exact test was 
used to determine significant differences in duration 
of the withdrawal reaction; p less than 0.05 was 
accepted as significant. 

Three additional groups of mice were tested to 
determine whether the experimental methods contrib- 
uted to the incidence of convulsions. Group 1 (six 
mice) was exposed to 10 atm of helium in 1 atm of 
oxygen for 30 minutes. Group 2 (six mice) was ex- 
posed to 20 atm of helium in 1 atm of oxygen for 30 
minutes. Group 3 (12 mice) was exposed to 1.5 to 2.2 
atm of oxygen for 1,000 minutes. Decompression for 
all groups was approximately 1 atm/min, a rate com- 
parable to the decompression in our other experimen- 
tal groups. 


Results 


The percent of animals convulsing 15 minutes after 
removal from nitrous oxide usually increased with an 


ANESTHESIA AND ANALGESIA 
20 Vol 59, No 1, January 1979 


increase in the partial pressure of nitrous oxide (Ta- 
ble). For any given time of exposure there were 59 
possible comparisons of the incidence of convulsions 
(e.g., at 8 minutes there were three comparisons: O to 
57.1; O to 61.5; and 57.1 to 61.5). A higher dose was 
associated with a higher incidence in 90% of such 
comparisons, 296 showed no difference, and 896 
showed a decreased incidence. 

The percent convulsing at any partial pressure did 
not increase significantly with exposure times longer 
than 30 minutes. The average of values (average in- 
cidence) obtained following 8 to 240 minutes of ex- 
posure at any given partial pressure did not differ 
from the values obtained after 1,000 minutes of ex- 
posure. The duration of the withdrawal reaction was 
variable and did not correlate well with exposure 
times at a given partial pressure (Fig 1). 

The average percent convulsing was higher follow- 
ing 0.7 atm exposures than 0.6 atm exposures ( p « 
0.01). The 1.2 atm values were higher than the 0.9 atm 


. values ( p « 0.05). However, 0.7 and 0.9 atm values 


did not differ nor did the 1.2 and 1.6 atm values. 
Increasing the nitrous oxide partial pressure also pro- 
longed the predisposition to convulsions (Fig 2) ( p 
< 0.005). 

None of the animals exposed to high pressures of 
helium and/or 100% oxygen displayed convulsions 
when removed from those gases. 


Discussion 


Our results confirm those of earlier studies dem- 
onstrating that nitrous oxide produces dependence as 
evidenced by withdrawal convulsions.^? Although 
considerable variability exists, a dose relationship is 
clearly illustrated. The withdrawal response did not 
result from a simple product of partial pressure times 
exposure time. If the results we have obtained can be 
extrapolated to lower nitrous oxide partial pressures, 


TABLE 


Percent of Animals Convulsing 15 Minutes after Removal 
from N;O* 


Nitrous oxide 


Exposure 
ime 0.6 0.7 0.9 1.2 1.6 
min ` atm 
8 -— jive OQ 57.1 61.5° 
15 7.4 28.6 71.4 35.7 50.0 
30 28.6 50.0 35.7 T1.4 92.9 
60 7.1 37.7 42.9 85.7 91.77 
120 21.4 42.9 57.1 71.4 100? 
240 7.1 7.4 75.0? 75.0? 70.0* 
1000 41.7 50.0? 66.7° 75.0° 


* N = 14 except as noted: a, N = 12; b, N = 13; c, N = 10. 
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FiG 1. Duration of exposure to 1.2 atm of nitrous oxide did not 
have a significant effect on the rate at which the dependent 
stage dissipated. Convulsions did not persist longer than 90 
minutes in any experimental group. 
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Fig 2. Average percent of animals convulsing following 30-, 
60-, 120-, and 240-minute exposures was calculated for each 
nitrous oxide partial pressure. Higher partial pressures in- 
creased the duration of the withdrawal reaction ( p < 0.005). 


the threshold partial pressure would be about 0.5 atm 
(Fig 3). Other investigations support this conclusion. 
Of mice exposed to 0.5 atm of nitrous oxide for 3 
weeks, 69% displayed convulsions 15 minutes after 
removal from nitrous oxide.” In contrast only 13% 
convulsed after a 3-week exposure to 0.4 atm of 
nitrous oxide.? We confirmed these results in subse- 
quent studies and in addition found that 3-week 
exposures to 0.25 atm of nitrous oxide did not induce 
convulsions in any animal. 

The partial pressure of nitrous oxide used had a far 
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Fic 3. Extrapolation of the line formed from the summed results 
at each ritrous oxide partial pressure suggests that a threshold 
partial pressure of approximately 0.5 atm of nitrous oxide is 
necessary to produce withdrawal convulsions. 


greater impact on the incidence of convulsions than 
the duration of exposure. Although the withdrawal 
response occurred after 8 minutes of exposure to 1.2 
and .1.6 atm of nitrous oxide, 15 to 30 minutes were 
required at 0.6, 0.7, and 0.9 atm. Continuing exposure 
beyonc these times did not increase the incidence of 
convulsions at any concentration. 

The dependent stage was rapidly reversible. That 
is, the withdrawal reaction did not persist longer than 
90 mirutes in any case. The duration of the with- 
drawal reaction also did not correlate with exposure 
times. | 

The rapid production of physical dependence by 
gaseous anesthetics may have clinical implications. 
The traditional view of postanesthetic delirium or 
excitement holds that those events result from stage 
II anes-hesia.? Perhaps a withdrawal stage contributes 
to the severity of emergence delirium. The time course 
of recovery from withdrawal convulsions correlates 
well with the usual brevity of postanesthetic excite- 
ment. 
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ABRAM, S. E., ASIDDAO, C. B., AND REYNOLDS, A. C.: Increased skin temperature during 
transcutanecus electrical stimulation. Anesth Analg 59:22-25, 1980. 


Conflicting reports have appeared in the literature concerning the effects of transcutaneous 
electrical nerve stimulation on skin temperature. This report studied 33 patients with chronic 
pain involving one extremity (13 upper, 20 lower) to determine whether changes in sympa- 
thetic tone, as reflected in skin temperature, occurred in response to electrical stimulation of 
painful areas. Stimulation was carried out for 20 to 45 minutes. Skin temperatures were 
measured from the thumbs or great toes of stimulated and contralateral extremities before and 
during stimulation. Skin temperature rose 2.5 + 0.7 C (mean + SEM) in both the ipsilateral 
and contralateral extremity in patients who experienced relief of pain during stimulation, There 
was no significant change in skin temperature in patients who experienced no relief. 


Key Words: PAIN: transcutaneous electrical stimulation; SYMPATHETIC NERVOUS SYSTEM: transcutaneous elec- 


trical stimulation. 


HERE IS growing interest but considerable con- 

fusion concerning the effect of transcutaneous 
electrical stimulation on sympathetic nervous system 
activity. Owens et al' found small but consistent 
increases in skin temperature distal to ulnar nerve 
stimulation sites in volunteers. Stilz et al? reported 
clinical improvement and increased skin temperature 
following transcutaneous stimulation in a patient with 
sympathetic dystrophy. On the other hand, Ebersold 
et al? found no change in skin temperature during 
transcutaneous stimulation in either patients or vol- 
unteers. Other studies*® have reported decreases in 
skin temperature during treatment. 

The present study was undertaken to determine the 
short-term effects of transcutaneous electrical stimu- 
lation on sympathetic tone as evidenced by changes 
in cutaneous temperatures in patients with chronic 
pain. 
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Methods 


The effect of transcutaneous electrical stimulation 
on skin temperature was studied in 33 patients with 
chronic pain (at least 3 months duration) involving 
one extremity (20 lower, 13 upper). All patients had 
pain of nonmalignant origin. Diagnoses included 
chronic radiculopathy, sympathetic dystrophy, scar 


 neuromata, diabetic neuropathy, and myofascial pain. 


Transcutaneous electrical stimulation was carried 
out using Stimulation Technology (Stim Pulse), Med- 
tronic (Neuromod) or Med General (Miniceptor) stim- 
ulators. Electrodes were placed over or adjacent to 
painful areas. Frequency was adjusted to maximum 
patient comfort, usually in the range of 75-100 Hz. 
Output was kept just below threshold for discomfort 
or motor stimulation (about 12 to 20 ma peak current 
at impedances of 1,200 to 1,300 Q). 

Temperature measurements were carried out using 
Yellow Springs thermometers with 5-mm thermistors. 
Output from thermometers was recorded on a dual- 
channel Brush recorder. Temperatures were recorded 
from the volar aspects of both thumbs during upper 
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extremity stimulation or the plantar aspects of the 
great toes during lower extremity stimulation. Am- 
bient temperature was kept at 23 C. Baseline skin 
temperatures were recorded for at least 5 minutes 
prior to stimulation and for at least 20 minutes after 
stimulation was begun. Maximum change in skin 
temperature (positive or negative) was recorded in 
each patient on both the stimulated and nonstimu- 
lated extremity. 

Patients rated pain relief as either none, slight, 
moderate, or considerable. Patients who rated their 
relief as none or slight were classified as having 
obtained no relief. Those rating relief as moderate to 
considerable were considered as having relief. Mean 
skin temperatures and standard errors in each of the 
two groups (relief and no relief) were determined on 
stimulated and nonstimulated extremities. In addition, 
the maximum temperature change and direction of 
change were recorded in both extremities for each 
patient, and the mean and standard error for these 
changes determined in both groups. 


Results 


Prior to stimulation there was no significant differ- 
ence in cutaneous temperature between those patients 
who experienced relief and those who did not. The 
maximum increase in skin temperature on the stim- 
ulated side averaged 2.5 C in the 15 patients who 
experienced pain relief during stimulation. À similar 
increase in mean skin temperature was noted on the 
unstimulated side (+2.5 C). These changes in skin 
temperature were statistically significant (Table 1). 
Mean temperatures recorded at 5-minute intervals 


TABLE 1 


Mean Skin Temperatures (+SEM) before and during 
Transcutaneous Electrical Stimulation in Patients with and 
without Relief of Pain 





Mean tem- 
Mean tem- perature 
perature (C) at time bic ipei 
(C) before of maxi- perature (C) 
stimulation mum 
change 
Relief (N — 15) 
Stimulated 28.8 +09 31.24 0.9 +2.5 + 0.7 
extremity (p < 0.005)* 
Nonstimulated -29.4 + 0.9 Q31.9 X09 +2.5 + 0.7 
extremity { p < 0.005) 
No relief (N = 18) 
Stimulated 28.6 + 0.9 284%10 -0.2+06092 
extremity (NS) 
Nonstimulated 28.6 + 0.9 286210  —0.2 + 0.4 
extremity (NS) 


SPS MM yee Shr 


* Paired t-test. 


rose in both extremities for 15 minutes, then began to 
level off (Figure). 

There was little difference in temperature response 
betweer. patients with upper and lower extremity 
pain. The mean increase in temperature in patients 
with upper extremity pain was +2.0 C on the stimu- 
lated side and +2.3 C on the contralateral side. The 
mean increase in temperature in patients with lower 
extremity pain was +2.9 C on the stimulated side and 
+2.6 C on the contralateral side. 

In the 18 patients who did not experience pain 
relief, there was no significant change in skin temper- 
ature during stimulation (Table 1 and Figure). Ten of 
the 15 patients who had relief during stimulation 
demonstrated an increase in skin temperature of 1 C 
or more; three of the 18 patients who had no relief 
experienced such a rise. 

Sevezal patients who had pain relief associated with 
stimulation had dramatic increases in temperature 
during stimulation (up to 7.5 C). In such patients, 
temperatures began to rise within 10 minutes of onset 
of stimulation, peaked 10 to 15 minutes after stimu- 
lation was begun, and slowly fell toward prestimula- 
tion levels over the next 10 to 15 minutes despite 
continued stimulation and relief. Almost all pro- 
nounced increases in temperature occurred bilat- 
erally. However, in one patient with chronic foot pain 
of uncetermined etiology skin temperature on the 
contralateral side increased markedly but, despite 
relief cf pain, failed to change on the stimulated side. 

Pain relief began within 10 minutes of the onset of 
stimulation in most patients who obtained relief, and 


D NON-STIMULATED EXTREMITY, RELIEF 

O STIMULATED EXTREMITY, RELIEF 

W NON-STIMULATED EXTREMITY, NO RELIEF 
@ STIMULATED EXTREMITY, NO RELIEF 





SKIN TEMPERATURE 


O 9 iO I5 20 


TIME (MINUTES) 
FiGURE. Mean cutaneous temperatures (C) before and during 
transcutaneous electrical stimulation in 33 patients (15 with 
relief of pain, 18 with no relief). 
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TRANSCUTANEOUS ELECTRICAL STIMULATION 


usually lasted several hours. Relief outlasted the pe- 
riod of stimulation in all patients. 

The two groups of patients (relief and no relief) 
were of comparable age; duration of pain and sites of 
pain were also comparable (see Table 2). The large 
majority of patients relieved of pain by stimulation 
were women. Both groups contained a variety of 
chronic pain problems, including sympathetic dystro- 
phy (five in the relief group, 10 in the no relief group). 
This diagnosis was based on the quality of pain and 
the existence of various physical stigmata, including 
hyperesthesia, trophic skin changes, vasoconstriction, 
edema, cyanosis, and hyperhydrosis. Several patients 
in both groups had obtained transient pain relief in 
the past from sympathetic blocks. There was no cor- 
relation between diagnosis and changes in skin tem- 
perature during stimuzation. 


Discussion 


The results of this study indicate that, in certain 
patients, stimulation-induced analgesia is associated 
with diminished sympathetic tone, as evidenced by 
increased skin temperature. Such changes are not 
confined to the stimulated extremity, but are generally 
of equal magnitude in the contralateral extremity. On 
the basis of these data, it is impossible to determine 
a cause and effect relationship between stimulation- 
induced analgesia and diminished sympathetic activ- 
ity. Beneficial effects in some patients may result from 
a generalized, stimulation-induced loss of sympa- 
thetic tone. Alternatively, diminished sympathetic ac- 
tivity could represent elimination of pain-induced 
vasoconstriction as stimulation-induced analgesia be- 
gins, i.e., vasodilation secondary to pain relief. 

A number of mechanisms have been proposed to 
explain how transcutaneous electrical stimulation 
produces analgesia. Both selective stimulation of large 
afferent fibers’ and blockade of small fiber activity" 
have been suggested. Either mechanism could act to 
diminish pain perception through a dorsal horn gate 


TABLE 2 


Physical Data of Patients Who Experienced Relief from 
Transcutaneous Electricai Nerve Stimulation and Those 
Who Did Not 


: " No relief 

Helief (N — 15) (N = 18) 
Mean age 49 46 
Males/females 2/13 8/10 
Upper extremity pain 7 6 
Lower extremity pain 8 12 
Mean duration of symptoms 3 yr, 4 mo 3 yr, 1 mo 
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control mechanism.? Melzack suggests that stimula- 
tion of small afferent fibers may activate brainstem 
centers which exert descending inhibitory effects on 
pain transmission. 

There is also a possibility that electrical stimulation 
blocks sympathetic activity peripherally or centrally 
in certain patients. The resultant sympathetic block- 
ade may be responsible for analgesia produced. Pro- 
cacci et al’? demonstrated changes in cutaneous pain 
thresholds and sympathogalvanic reflexes in both 
blocked and contralateral extremities following sym- 
pathetic blockade. They suggested that efferent sym- 
pathetic discharge is under the control of ipsilateral 
and contralateral neuronal systems located at different 
levels of the central nervous system and that any 
change in afferent input sets up variations of sympa- 
thetic discharge through reflexes at various levels. 
Thus, modulation of afferent input through electrical 
stimulation may block sympathetic discharge at one 
or several levels of the neuraxis. The diminished 
sympathetic activity could provide pain relief, partic- 
ularly in reflex sympathetic dystrophies. 

Conflicting reports” ? *5 on the effect of transcu- 
taneous electrical stimulation on skin temperature are 
probably due to two factors. First, there may be 
differences in response based upon differences in the 
characteristics of the electrical stimuli, including volt- 
age, frequency, pulse width, and wave form. Most 
studies, including this one, did not attempt to stand- 
ardize these variables. Second, different types of pa- 
tients have been examined in the studies cited. Ignelzi 
et al? noted significant decreases in skin temperature 
during stimulation in patients with degenerative spine 
disease or peripheral nerve injury but also noted 
peripheral warming during stimulation in some pa- 
tients with causalgia. Our inability to correlate warm- 
ing with diagnosis perhaps illustrates the difficulty in 
diagnosing long-standing pain problems. 

Evidence is accumulating that transcutaneous elec- 
trical stimulation is effective in treating chronic pain- 
ful states associated with sympathetic hyperactivity. 
This study offers further evidence that this form of 
treatment may reduce sympathetic tone in certain 
patients. Based on our data, decreased sympathetic 
outflow more frequently occurs in patients who ob- 
tain pain relief during stimulation than in patients in 
whom pain is not relieved by stimulation. 
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Neuromuscular Transmission in Thyrotoxicosis 


The incidence of thyrotoxicosis in patients with myasthenia gravis is estimated as 5.3% but the 
incidence of myasthenia gravis in the course of thyrotoxicos s is only 0.2%. The association between 
these two diseases does not appear to be a chance one, and th2re are two suggested basic mechanisms. 
There is either an action of thyroid hormone on the neuromuscular junction or the existence of a 
cause common to both. The fatigability seen clinically ir thyrotoxic myopathy could be partly 
attributed to myasthenia. With these possibilities in mind a search for electromyographic stigmata of 
latent myasthenia was undertaken in 48 consecutive patients with hyperthyroidism who also had 
chronic myopathy. Eighi patients had abnormal neuromuscu ar transmission, as in myasthenia gravis, 
and one of these patients later developed clinical myasthenia involving the ocular muscles. Three 
other patients showed abnormal facilitation, as in the Eatcn-Lambert syndrome. (Puvanendran K, 
Cheah JS, Naganathan N: Neuromuscular transmission in th-rotoxicosis. J Neurol Sci 43:47-57, 1979) 
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muscular effects of Org NC 45, pancuronium, metocurine, and d-tubocurarine in dogs. Anesth 
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We compared the cardiovascular and neuromuscular effects of Org NC 45 with those of 
pancuronium, metocurine, and d-tubocurarine in six dogs anesthetized with halothane. The 
EDso (dose of drug which produced a 9096 depression of twitch tension) of Org NC 45, 
pancuronium, metocurine, and d-tubocurarine was 14 + 3, 22 + 3, 63 + 19, and 130 + 19 
ug/kg, respectively. All subsequent neuromuscular and cardiovascular effects were deter- 
mined from a dose equal to 3 times the EDs of muscle relaxant. Org NC 45, pancuronium, 
metocurine, and d-tubocurarine produced a neuromuscular blockade with a duration (time 
from relaxant administration until recovery of 50% of the original twitch tension) of 42 + 2, 
108 + 10, 109 + 21, and 100 + 19 minutes, respectively. Org NC 45 caused no significant 
cardiovasculer changes. Pancuronium increased heart rate, mean arterial blood pressure, 
cardiac output, and pulmonary wedge pressure, and it decreased systemic vascular resist- 
ance (p « 0.05). Although metocurine also increased heart rate and cardiac output (p « 
0.05), mean arterial blood pressure and pulmonary wedge pressure did not change. d-Tubo- 
curarine decreased all cardiovascular parameters except heart rate which increased signifi- 
cantly (p « 0.05). We ccnclude that Org NC 45 produces a neuromuscular blockade of 
shorter duration with fewer cardiovascular changes than that of pancuronium, metocurine, or 


d-tubocurarine. 


Key Words: NEUROMUSCULAR RELAXANTS: pancuronium, metocurine, d-tubocurarine, Org NC 45. 
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HOMOLOGUE of pancuronium, Org NC 45 
(Fig. 1) has been found to produce a neuromus- 
cular blockade of shorter duration with fewer auto- 
nomic changes than that of pancuronium in the cat.! 
In this study, we compared the cardiovascular and 
neuromuscular effects of Org NC 45 with pancuro- 
nium, metocurine, and d-tubocurarine in anesthetized 
dogs using each dog as its own control. 


Methods 


Six dogs, each weighing 13 to 21 kg, were anesthe- 
tized by inhalation of halothane and oxygen. The 
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FiG 1. Formula of Org NC 45. 


end-tidal halothane concentration was maintained at 
1.25 + 0.05%. After endotracheal intubation without 
the use of other drugs, ventilation was controlled to 
maintain Paco, between 32 and 40 torr. The electro- 
cardiogram was continuously recorded. A catheter 
was inserted percutaneously into the right femoral 
artery from which arterial blood pressure was trans- 
duced (model P2306, Statham Instruments) continu- 
ously and printed on a Grass recorder. A triple-lumen 
Swan-Ganz catheter was inserted into the pulmonary 
artery via the right femoral vein from which central 
venous pressure (CVP) and pulmonary wedge pres- 
sure (PWP) were measured. Cardiac output was meas- 
ured in duplicate by a thermodilution method using 
an Edwards 9520 cardiac output computer. Systemic 
vascular resistance (SVR) was calculated [SVR = 
(mean arterial pressure — CVP)/cardiac output]. 
Other than halothane, all drugs were administered via 
an indwelling catheter in a vein in the left front leg. 
Supramaximal stimuli, 0.15 Hz and 0.2-msec dura- 
tion, were delivered to the left sciatic nerve through 
electrodes inserted percutaneously. The resultant 
twitches of the foot were quantitated by a Grass F10 
force displacement transducer and recorded on a 
Grass polygraph. After all parameters had been con- 
stant for at least 1 hour, dose-response curves using 
the incremental-cumulative method of Donlon et al? 
were determined for Org NC 45, pancuronium, d- 
tubocurarine, and metocurine. From these curves, the 
EDeo (that dose of relaxant which resulted in a 90% 
depression of twitch tension) were derived.” After the 
control twitch height was stable the muscle relaxant 
to be studied was given in small increments. When 
the peak response to the initial dose had been ob- 
tained, a second dose was given and the subsequent 
peak response then determined. This was repeated 
until 95 to 99% depression of twitch tension occurred. 
Three to six doses were required. The sequence lasted 


between 10 and 15 minutes. When the twitch had: 


returned to its original tension and cardiovascular 


parameters had been constant for at least 1 hour, a 
dose of neuromuscular relzxant equal to 3 times the 
ED was administered as an intravenous bolus. Car- 
diovascular parameters were determined and re- 
corded - minute before and 2, 5, 10, 20, 30, 40, 50, 60, 
70, and 30 minutes after administration of 3 times the 
EDeo dcse of muscle relaxant. Only one neuromus- 
cular relaxant was studied with each anesthetic ad- 
ministration. Each dog was studied with each relaxant 
at an inierval of at least 1 week. The order of muscle 
relaxan* administration for each dog was randomized. 
Duraticn of neuromuscular blockade produced by 3 
times EDso dose was determined and defined as that 
time from relaxant administration until recovery of 
5096 of the original twitch tension. The data were 
analyzed by analysis of covariance and Sheffe's mul- 
tiple contrast procedure.? 


Resuits 


We ound Org NC 45 was about 1.6, 4.5, and 9.3 
times more potent than pancuronium, metocurine, 
and d-tubocurarine, respectively (Table). There was 
no significant difference in the duration of neuro- 
muscular blockade between pancuronium, metocu- 
rine, aad d-tubocurarine after administration of 3 
times the EDso dose (Table). However, the duration 
of neuromuscular blockade from Org NC 45 was 
significantly shorter than that of the other neuromus- 
cular relaxants (p < 0.01) (Table). 

Con-rol cardiovascular values during halothane an- 
esthesza, but before neuromuscular relaxant admin- 
istraticn included: heart rate 94 + 5 (SE) beats/min, 
mean arterial blood pressure 110 + 4 torr, cardiac 
output 2.1 + 0.3 L/min, FWP 11 + 1 torr, SVR 38 + 
4 units, and CVP 4 + 1 torr. There was no significant 
difference in the control cardiovascular parameters 
between muscle relaxant groups. All values after ad- 
ministration of the relaxant were converted to percent 
of control. 


TABLE 


Neuromuscular Effects of Org NC 45, Pancuronium, 
Metocurine and d-Tubocurarine (mean + SE) 





Org NC Pansuron- : d-Tubccu- 
45 ium Metocurine rarine 
EDeo* (ug/ 14 +3 22 t3 63 + 19 130 x19 
kg) 
Durationt 42 +42 108+10 109+21 100+19 
(min) 





* Dose which results in a £096 depression of twitch tension. 
t TEne from administration of 3 times the EDeo of each 
relaxart until recovery of 50% of the original twitch tension. 
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CARDIOVASCULAR RESPONSES TO NEUROMUSCULAR RELAXANTS 


Three times the ED» dose of Org NC 45 caused no 
significant cardiovascular changes, Pancuronium in- 
creased heart rate (Fig 2), mean arterial blood pressure 
(Fig 3), cardiac output (Fig 4) and PWP (Fig 5), and 
decreased SVR (Fig 6) (p < 0.05). Although CVP (Fig 
7) tended to increase following pancuronium, the 
changes were insignificant. Metocurine also increased 
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Fig 2. Effect of Org NC 45, 42 ug/kg, pancuronium, 66 ug/ 
kg, metocurine, 189 ug/kg, and d-tubocurarine, 390 ug/kg, 
intravenously on percent change in heart rate. These doses are 
3 times the EDgo. (EDsg is that dose required to depress twitch 
tension 9096.) Each symbol and bracket represents the mean 
+ 1 SE in six dogs. Asterisk indicates a significant difference 
from the predrug heart rate. 
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FiG 3. Effect cf Org NC 45, 42 ng/kg, pancuronium, 66 ug/ 
kg. metocuríne, 189 sug/kc, and d-tubocurarine, 390 ug/kg, 
intravenously on percent change in mean arterial blood pres- 
sure. These doses are 3 times the EDeo. (EDeo is that dose 
required to depress twitch ,tension 90%.) Each symbol and 
bracket represents the mean + 1 SE in six dogs. Asterisk 
indicates a significant difference from the predrug mean arterial 
blood pressure. 
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Fig 4. Effect of Org NC 45, 42 ng/kg, pancuronium, 66 ug/ 
kg, metocurine, 189 pg/kg, and d-tubocurarine, 390 ug/kg, 
intravenously on percent change in cardiac output. These doses 
are 3 times the EDso. (EDso is that dose required to depress 
twitch tension 90%). Each symbol and bracket represents the 
mean + 1 SE in six dogs. Asterisk indicates a significant 
difference from the predrug cardiac output. 


in heart rate and cardiac output (Figs 2 and 4) (p < 
0.05); however, mean arterial blood pressure and PWP 
did not change (Figs 3 and 5). SVR and CVP de- 
creased, although the latter was transient (Figs 6 and 
7). d-Tubocurarine decreased all cardiovascular pa- 
rameters except heart rate which was significantly 
increased (Fig 2) (p < 0.01). The decrease in cardiac 
output was transient and ultimately increased 30 min- 
utes after d-tubocurarine administration (Fig 4). 


Discussion 


A major problem in comparing circulatory effects 
of neuromuscular relaxants is the failure to study 
equipotent neuromuscular blocking doses. For endo- 
tracheal intubation and maintenance of adequate sur- 
gical relaxation, doses larger than the ED frequently 
are administered.* Since our study was designed to 
accentuate any cardiovascular effects of the neuro- 
muscular relaxants, we studied a dose 3 times the 
ED which we presume is an equipotent neuromus- 
cular blocking dose. 

In contrast to other neuromuscular relaxants, a large 
dose of Org NC 45 produced no significant cardio- 
vascular changes. We found that pancuronium pro- 
duced the well documented tachycardia, increase in 
blood pressure, and PWP.? Consistent with the studies 
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FiG 5. Effect of Org NC 45, 42 ug/kg, pancuronium, 66 pg/ 
kg, metocurine, 189 ug/kg, and d-tubocurarine, 390 ug/kg, 
intravenously on percent change in wedge pressure. These 
doses are 3 times the EDs. (EDgo is that dose required to 
depress twitch tension 9096.) Each symbol and bracket repre- 
sents the mean + 1 SE in six dogs. Asterisk indicates a signifi- 
cant difference from the predrug wedge pressure. 
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Fig 6. Effect of Org NC 45, 42 ug/kg, pancuronium, 66 ug/ 
kg, métocurine, 189 pg/kg, and d-tubocurarine, 390 ug/kg, 
intravenously on percent change in systemic vascular resist- 
ance. These doses are 3 times the EDso.. (EDso is that dose 
required to depress twitch tension 9096.) Each symbol and 
bracket represents the mean + 1 SE in six dogs. Asterisk 
indicates a significant difference from the predrug systemic 
vascular resistance. 


of Stanley and Liu we found that pancuronium 
decreased SVR. In contrast, Stoelting’ found that pan- 
curonium did not change SVR. Other than species 
difference, we cannot explain the difference between 
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Fic 7. Effect of Org NC 45, 42 pg/kg, pancuronium, 66 pg/ 
kg, metocurine, 189 ug/kg, and d-tubocurarine, 390 pg/kg, 
intravenously on percent change in central venous pressure. 
These doses are 3 times the EDso. (EDso is that dose required to 
depress twitch tension 9096.) Each symbol and bracket repre- 
sents the mean + 1 SE in six dogs. Asterisk indicates a signifi- 
cant difference from the predrug central venous pressure. 


our results and those of Stoelting.' In any event, these 
results are consistent with investigations that show 
that pancuronium produces tachycardia primarily by 
a vagolytic effect," ^? and secondly by a sympatho- 
mimetic effect." 

Metocurine caused a slight but significant increase 
in heart rate and cardiac output, a decrease in SVR 
and no change in mean arterial blood pressure. Gen- 
erally, me-ocurine produces little or no cardiovascular 
changes. However, with large doses, increases in heart 
rate and cardiac output, ? and decreases in SVR™ 
have been noted; this is consistent with the results of 
our study. Ín contrast, d-tubocurarine predictably 
depressed all cardiovascular parameters except heart 
rate, which increased. Hypotension and a slight tach- 
ycardia are consistent with the data of most studies,“ 
although Hughes? found that d-tubocurarine de- 
creased heart rate in dogs; however, this model is 
suspect because the control heart rate was 186 beats, 
min, which is unusually high. Furthermore, adminis- 
tration of atopine and gallamine in that study did not 
cause an increase in heart rate.” Of prime importance 
is the fact that Org NC 45 produced none of the 
cardiovascular changes associated with administration 
of other neuromuscular relaxants. 

Org NC 45 appears to produce a neuromuscular 
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blockade which is significantly shorter than that pro- 
duced by the other neuromuscular relaxants tested; 
the reason for this is unknown (Table). Although we 
waited for at least 1 hour after complete recovery of 
twitch tension from initial EDs dose before giving 3 
times the ED dose, a cumulative effect could have 
been present. In spite of this limitation, Org NC 45 
clearly has a shorter duration of action than that of 
the other relaxants tested. 

. In summary, the lack of significant cardiovascular 
effects and short duration of action support the deci- 
sion to proceed w:th clinical trials with Org NC 45. 
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Antagonism of Org NC 45 
Neuromuscular Blockade by 
Neostigmine, Pyridostigmine, and 


4-Aminopyridine 


Leo H.D.J. Booij, MD,* Francien van der Pol,f Jan F. Crul, MD, PhD,t and 
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Bool, L.H.D.J., VAN DER Pot, F., CRUL, J. F., AND MILLER, R. D.: Antagonism of Org NC 45 
neuromuscular blockade by neostigmine, pyridostigmine, and 4-aminoprridine. Anesth Analg 


59:31-34, 1980. 


The antagonism of Org NC 45 neuromuscular blockade by neostigmine, pyridostigmine, 4- 
aminopyridine, and their combinations was studied in the in vivo rat sciatic nerve anterior 
tibialis preparation using the constant infusion of Org NC 45 technique. The EDsp (dose of 
drug which produced a 50% antagonism) of neostigmine, pyridostigmine, and 4-aminopyridine 
were 14.5, 75, and 466 pg/kg, respectively. The addition of 100 ug/kc of 4-aminopyridine, 
which produced no antagonism by itself, decreased neostigmine EDso to 9.8 ug/kg. The 
addition of 200 ug/kg of 4-aminopyridine, which produced a 14.896 antagonism by itself, 
decreased the EDso of pyridostigmine to 17.5 ug/kg. We concluded that neostigmine, pyrido- 
stigmine, and 4-aminopyridine effectively antagonize an Org NC 45 neuromuscular blockade. 
Neostigmine and pyridostigmine interact with 4-aminopyridine in a synergistic manner. The 
doses of antagonists were very similar to those required to antagonize a pancuronium neuro- 


muscular blockade. 


Key Words: NEUROMUSCULAR RELAXANTS: Org NC 45; antagonists, Neuromuscular relaxants: neostigmine, 


pyridostigmine, 4-aminopyridine. 


HOMOLOGUE of pancuronium, Org NC 45 
produces a neuromuscular blockade which is 
shorter in duration (time from injection until 5096 
recovery) than that produced by an equi-potent dose 
of pancuronium.! Org NC 45 administered to dogs 
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anesthetized with halothane produces essentially no 
change in blood pressure or heart rate whereas d- 
tubocurarine causes hypotension and pancuronium 
causes tachycardia.’ The clinical usefulness of Org 
NC 45 wil. also depend on the ability of neostigmine 
and pyridostigmine to antagonize the neuromuscular 
blockade X produces. Recently, 4-aminopyridine has 
been advccated as an antagonist to non-depolarizing 
relaxants because it does not require concomitant 
administration of atropine and because it antagonizes 
neuromuscular blockades produced by many anti- 
biotics.** However, 4-aminopyridine alone has lim- 
ited clinical possibilities because of central nervous 
system st:mulation. Miller et alf have found that 
very small doses of 4-aminopyridine markedly poten- 
tiate neoszigmine and pyridostigmine when antago- 
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nizing pancuronium, therefore suggesting that the 
combination of neostigmine and 4-aminopyridine 
may be better than either drug alone. Accordingly, in 
the present study we determined the ability of neo- 
stigmine. pyridostigmine, and 4-aminopyridine alone 
and in combination to antagonize an Org NC 45 
neuromuscular blockade in an in vivo rat sciatic nerve 
tibialis anterior muscle preparation. 


Methods 


seventy-five rats, 280 and 320 g each, were anes- 
thetized with pentobarbital, 4 mg/100 g, and ure- 
thane, 50 mg/100 z, intraperitoneally. Both jugular 
veins were cannulated for administration of drugs. A 
carotid artery was cannulated for measurement and 
recording of arterial blood pressure. The trachea was 
intubated and ventilation controlled by means of a 
Braun air pump. The tendon of the left tibialis was 
freed, sectioned, and connected to a force displace- 
ment transducer. The resting tension was adjusted to 
20 g. The sciatic nerve was stimulated by supramaxi- 
mal 0.1-Hz stimuli of 0.2-msec duration through a 
bipolar electrode. Twitch tension was recorded on a 
polygraph. The muscle temperature was maintained 
at 37-38 C. Org NC 45 was administered intrave- 
nously by continuous infusion until 9096 depression 
of twitch tension was obtained. When the infusion 
rate of Org NC 45 required to maintain a 90% de- 
pression of twitch tension remained constant for at 
least 15 minutes, neostigmine, pyridostigmine, or 4- 
aminopyridine, or a combination of these drugs was 
given as intravenous bolus. Time from antagonist 
administration to peak effect (onset), magnitude of 
antagonism, and time from antagonist administration 
to 50% return of the Org NC 45 depressed twitch 
tension (duration) were calculated. Only one dose of 
antagonist was studied in each rat. Initially, dose- 
response curves were determined for neostigmine, 
pyridostigmine, and 4-aminopyridine alone. Then 
neostigmine or pyridostigmine was combined with 
various doses of 4-aminopyridine to determine 
whether these drugs interact with each other in an 
additive or synergistic manner. The dose-response 
curves were compared by analysis of variance. These 
results were compared to those obtained earlier when 
pancuronium was used as the neuromuscular 


blocker.” 
Results 


EDso (dose of antagonist which produced a 50% 
antagonism of the Org NC 45 depressed twitch ten- 
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sion) of neostigmine, pyridostigmine, and 4-amino- 
pyridine were 14.5, 75, and 466 pg/kg, respectively 
(Figs. 1 to 3). The dose-response curves did not sig- 
nificantly deviate from parallelism. Extension of a 
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Fic 1. Effect of neostigmine (NS) alone and given with 4-ami- 
nopyridine (4-AP, 100 ug/Kkg) on percent antagonism of the Org 
NC 45 depressed twitch. Vertical lines represent the mean + 
SE of six rats. 
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Fig 2. Effect of pyridostigmine (PS) alone and given with 4- 
aminopyridine (4-AP, 200 pg/kg) on percent antagonism of the 
Org NC 45 depressed twitch. Vertical lines represent the mean 
+ SE of six rats. 
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Fig 3. Effect of 4-aminopyridine alone and given with neostig- 
mine (NS), 3.5 ug/kg, and pyridostigmine (PS), 25 pg/kg, on 
percent antagonism of the Org NC 45 depressed twitch. Vertical 
lines represent mean + SE of six rats. 
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Fia 4. Correlation of the EDso (dose which produced a 50% 
antagonism of the Org NC 45 depressed twitch) of 4-aminopyr- 
idine, neostigmine, and pyridostigmine alone from which the line 
of identity was formed. Dots represent the EDs) of various 
combinations of the above drugs. 


NEOSTIGMINE ED50( ug/ kg) 


linear regression line for 4-aminopyridine indicates 
that the 100-ug/kg dose should produce no antago- 
nism (Fig 4); yet with this dose of 4-aminopyridine, 
the EDso of neostigmine was decreased from 14.5 to 
9.8 pg/kg (Fig 1). With the addition of 200 pg/kg of 
4-aminopyridine, which produced 14.896 antagonism 
by itself, the EDso of pyridostigmine was decreased 
from 75.1 to 17.5 ug/kg (Fig 2). The EDso of 4-ami- 
nopyridine was decreased from 466 ug/kg to 130 ug/ 
kg and to 215 ug/kg by the addition of 25 ug/kg of 
pyridostigmine and 3.5 ug/kg of neostigmine, respec- 
tively, doses of pyridostigmine and neostigmine 
which by themselves caused no antagonism of the 


Org NC 45 depressed twitch. The EDso values of the 
various combinations of 4-aminopyridine plus neo- 
stigmine or pyridostigmine (Fig 3) were plotted 
against an isobologram constructed from the EDso 
values of the drugs alone. The combination of 4- 
aminopyridine with either neostigmine or pyridostig- 
mine produced an effect greater than simple addition 
(Fig 4). 

When equivalent levels of antagonism are com- 
pared, 4-aminopyridine increased the onset time but 
not the duration of action of neostigmine (p < 0.05) 
(Fig 5). In contrast, although 4-aminopyridine tended 
to lengthen the onset times of pyridostigmine, the 
differences were not significant (Fig 6). 4-Aminopyr- 


idine prolonged the duration of pyridostigmine action 


(Fig 6). 
Discussion 


From the results of this study, we conclude that 
neostigmine, pyridostigmine, 4-aminopyridine, and 
their combinations are all effective antagonists of 
neuromuscular blockade produced by Org NC 45. 
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Fie 5. Correlation between time (minutes) and percent antag- 
onism of Org NC 45 depressed twitch with neostigmine (NS) 
alone or with 4-aminopyridine (4-AP). Numbers beside drug 
abbreviations indicate doses. 
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Fia. 6. Correlation between time (minutes) and percent antag- 
onism of Org NC 45 depressed twitch with pyridostigmine (PS) 
alone or with 4-aminopyridine (4-AP). Numbers beside drug 
abbreviations indicate doses. 
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TABLE 


Comparison of EDso* of Neostigmine, Pyridostigmine, and 
4-Aminopyridine Alone or in Combination Required to 
Antagonize an Org NC 45 or Pancuronium Neuromuscular 
Blockade 


Antagonist Org NC 45 Pancuronium 
pg/kg 
Neostigmine (N) 14.5 18 
Pyridostigmine (P) 75 49 
4-Aminopyridine (4-AP) 466 440 
N + 4-AP, 100 pg/kg 9.8 7.4 
P + 4-AP, 200 pg/kg 18 11 
4-AP + N, 3.5 ng/kg 215 220 
4-AP + P, 25 pg/kg 130 76 





* Dose of antagonist which produced a 50% antagonism of 
pancuronium or Org NC 45 depressed twitch. 


Comparison of the EDs values from this study with 
those from an identical study performed previously 
with pancuronium? indicate no difference between 
Org NC 45 and pancuronium (Table). We, therefore, 
presume that the general clinical guidelines for antag- 
onist administraticn for pancuronium probably also 
apply to Org NC 45. Clinical trials are required, 
however, to determine whether an anticholesterase-4- 
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aminopyridine combination has any advantage over 
use of the drugs alone.’ 

The lack of cardiovascular changes and shorter 
duration of action of Org NC 45,’ combined with 
equivalent antagonism when compared to d-tubocu- 
rarine and pancuronium, support the need for clinical 
trials with Org NC 45. 
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Maternal Halothane Anesthesia 
Reduces Cerebral Blood Flow in the 
Acidotic Sheep Fetus 
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PALAHNIUK, R. J., DoiG, G. A., JOHNSON, G. N., AND PAsH, M. P.: Maternal halothane anesthe- 
sia reduces cerebral blood flow in the acidotic sheep fetus. Anesth Analg 59:35-39, 1980. : 


Cerebrovascular autoregulation is lost during fetal asphyxia as cerebral vessels undergo 
compensatory vasodilation. In such a situation, maternal anesthetics, which decrease fetal 
arterial blood pressure and cardiac output, may further aggravate cerebral hypoxia. To exam- 
ine this possibility, we prepared six pregnant ewes in such a manner as to be able to measure 
fetal regional cerebral blood flow in utero during acidosis produced by partial umbilical cord 
compression both before and after 15 minutes of halothane anesthesia given to the mother. 

Umbilical cord compression in the absence of anesthesia caused fetal metabolic and 
respiratory acidosis as evidenced by a decrease in arterial pH from 7.34 to 7.05; fetal arterial 
oxygen saturation simultaneously decreased from 29 to 1796. Halothane anesthesia adminis- 
tered to the mother of the acidotic fetus caused further aggravation of fetal acidosis (arterial 
pH 6.85) and oxygen desaturation (1096) and the fetus became markedly hypotensive. 

Blood flow to four cerebral areas increased 27 to 6996 above control levels in the fetus 
during acidosis in the absence of maternal anesthesia but decreased to levels 30 to 4296 
below acidosis values when maternal anesthesia was combined with fetal acidosis. These data 
suggest that potent cardiovascular depressant anesthetics administered to the mother in the 
presence of fetal acidosis could decrease fetal cerebral oxygen delivery by interfering with 
fetal cardiovascular compensation during acidosis and reducing fetal cerebral blood flow. 


Key Words: ANESTHESIA, Obstetric; PREGNANCY: fetal blood flow; ANESTHETICS, Volatile: halothane. 


ERINATAL asphyxia exposes the fetal brain to 

the risk of permanent damage.’ In sheep? and 
probably also in humans,’ the normal response to 
fetal asphyxia includes compensatory cerebrovascular 
dilation. Cerebral perfusion then becomes pressure 
dependent. Loss of normal cerebrovascular autoreg- 
ulatory mechanisms in the asphyxiated fetus raises 
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the possibility that factors including maternal general 
anesthesia, which may depress fetal (or neonatal) 


blood pressure or cardiac output, may reduce cerebral 


perfusion and thereby aggravate cerebral hypoxia. 

Since the detection of fetal distress often leads to 
maternal anesthesia to promote rapid delivery of the 
fetus either vaginally or by cesarean section, we in- 
vestigated the effects of a potent cardiovascular de- 
pressant anesthetic on fetal cerebrovascular responses 
to acidosis. 


Methods 


This study was approved by our Animal Experi- 
mentation Committee as conforming to rigid guide- 
lines for the humane use of animals in research. 5ix 
near-term pregnant ewes estimated to be at 130 to 140 
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days of gestation (term = 150 days) were employed 
in the study. On the day prior to production of fetal 
asphyxia, the ewe was anesthetized with halothane 
and oxygen, endotracheally intubated, and ventilated 
to maintain normal arterial Pco,. The fetus was ex- 
posed through a hysterotomy incision and an axillary 
artery catheter was passed a measured distance into 
the common brachiocephalic trunk. A catheter was 
placed in the inferior vena cava via the femoral vein 
and a femoral artery catheter was inserted. An inflat- 
able occlusion loop was placed around the umbilical 
cord. Maternal femoral artery and vein catheters were 
inserted. All catheters were brought to the skin in the 
ewe's flank and the incisions were closed. 

Mother and fetus were allowed to recover for at 
least 20 hours following the preparatory surgery, and 
no study was performed unless maternal and fetal 
blood gases, acid-base balance, and blood pressure 
were near normal. During each study, maternal and 
fetal blood pressures and heart rates were monitored 
continuously via the femoral artery catheters using 
Statham P-23 transducers connected to a recording 
Beckman polygraph. Maternal and fetal arterial 
Po,, Pco, and pH were measured on an Instrumenta- 
tion Laboratories blood-gas analyzer and temperature 
corrected. Base excess and fetal oxygen saturation 
(5ao, were calculated using the appropriate nomo- 
grams.‘ Fetal regional cerebral blood flow (rCBF) mea- 
surements were made using 15- microspheres la- 
beled with gamma-emitting Ce, “Cr, or *Sr. 
Spheres were injected into the inferior vena cava and 
achieved high concentrations in blood perfusing the 
brain by passing through the foramen ovale. The 
concentration of spheres present in blood perfusing 
the brain was determined by withdrawing blood at a 
fixed rate from the axillary artery catheter before, 
during, and after the injection. Blood flow to any 
region of the brain can be calculated using the equa- 
tion: 


Blood flow (m1/200 g/min) = Fa jo Crain ample 
i (blood) 

where Fa = sampling rate of blood from the axillary 
artery over the period of microsphere injection; i 
(brain sample) = counts per 100 grams of brain tissue; 
i (blood) = counts in the axillary blood sample. This 
method of measuring regional cerebral blood flow 
has been validated by us” as well as other investiga- 
tors.” 

On the day of each study control measurements of 
rCBF, arterial blood gas tensions, and acid-base bal- 
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ance were made with the awake ewe standing quietly 
in her cage. Following this, the fetus was made aci- 
dotic to a pH near 7.05 by incremental inflation of 
the umbilical cord occlusion loop over 1 to 2 hours. 
After pH 7.05 had been achieved and remained stable 
for 30 minutes, measurements of rCBF, blood gas 
tensions, and acid-base balance were again made. The 
mother was then anesthetized with 496 halothane in 
oxygen by face-mask until she lost consciousness, at 
which time she was paralyzed with 60 mg of succi- 
nylcholine for insertion of an endotracheal tube fol- 
lowing which anesthesia was maintained with 1% 
halothane in oxygen for 15 minutes. After 15 minutes 
of normocapneic maternal anesthesia, the final (aci- 
dosis + anesthesia) measurements of rCBF, arterial 
blood gas tensions, and acid-base balance were made. 

Following completion of the study, mother and 
fetus were sacrificed and autopsies were performed 
to confirm proper placement of catheters. Fetal brain 
samples were obtained from cerebral cortex, cerebel- 
lum, brain stem, and basal ganglia. Gamma counts for 
each of the isotopes in the weighed tissue samples as 
well as the axillary blood samples were determined in 
a Searle gamma well-counter. Blood flows to each 
region of the brain at the three periods (control, 
acidosis, and acidosis-anesthesia) were then calcu- 
lated as described previously.” Cerebral oxygen deliv- 
ery during each period was calculated as rCBF X 
Sao, Although this value will not be an absolute value 
for oxygen delivery, we found that the fetal hemoglo- 
bin does not change more than +5% in fetuses sub- 
jected to blood sampling so that this calculated value ` 
gives a close indication of oxygen delivery. Data were 
analyzed using the paired t-test and regression and 
correlation analysis as indicated. Means and standard 
errors for pH data were obtained by analyzing the pH 
values directly. 


Results 


Maternal responses during the experimental pe- 
riods are shown in Table 1. The degree of maternal 
cardiovascular depression suggests light to moderate 
anesthesia which we previously showed? to be asso- 
ciated with maintenance of uterine blood flow and 
fetal well-being in the normal sheep fetus in utero. 

Fetal cardiovascular and acid-base responses are 
shown in Table 2. Halothane anesthesia in the mother 
was associated with deterioration in the condition of 
the fetus with the development of hypotension and a 
worsening of the blood gas tensions and acid-base 
balance. Corresponding fetal rCBF changes are shown 
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TABLE 1 
Maternal Data (Mean + SE) 


Acidosis-Anesthe- 





Control Acidosis sia 
Arterial blood 89.5 + 5.2 87.0 + 6.8 55.77 2 5.8 
pressure 
(torr) 
Pao, (torr) 85.6 + 5.4 87.3 + 6.4  400.8* + 50.4 
Paco, (torr) 29.7 + 1.4 933.0 + 6.1 36.2 +3.4 
pH 7.51 + 0.02 7.44 + 0.06 7.44 + 0.04 


* Significantly changed from control and acidosis periods 
(p < 0.05). 


TABLE 2 
Fetal Data (Mean + SE) 





Acidosis-Anes- 


Control Acidosis thesia 
Arterial blood pres- 54.8 + 5.6 58.4 + 7.8 35.3f + 6.7 
sure (torr) 
Pao, (torr) 15.3 + 0.6 14.7 + 1.0 15.4 + 2.0 
Páco, (torr) 46.3 + 2.0 70.6* + 6.8 101.6T + 14.7 
pH 7.34 + 0.04 7.05* + 0.04 6.85f + 0.05 
Base excess(meq/ 0.0 + 2.4 —7.1* X 1.3 —9.0* + 0.9 
L 
Sao, (96) 28.8 + 2.0 16.5° + 3.6 9.87 + 3.3 


* Significantly changed from control period ( p < 0.05). 
T Significantly changed from control and acidosis perids (p < 0.05). 


TABLE 3 
Fetal Regional Cerebral Blood Flow (Mean + SE) 


Change 
from 
control 







Acidosis-Anesthesia 






Control Change 
from 


acidosis 













Measure- Measure- 


ment 





ml/ 100 
g/min 










Cerebral cortex | 154 + 23 | 212 + 25 —40 
Cerebellum 237 + 23 {300° + 39 —37 
Basal ganglia 204 + 20 |354* + 35 —42 
Brain stem 230 + 301389* + 67 





* Significantly changed from control ( p « 0.05). 
T Significantly changed from acidosis ( p « 0.05). 


in Table 3. The acidotic period was associated with 
increases in cerebral flow ranging from 27 to 69%. 
After halothane anesthesia was administered to the 
mother rCBF levels in the acidotic fetus were 30 to 
42% reduced. 

The Figure relates changes in rCBF to changes to 
mean fetal arterial blood pressure during the acidosis- 
anesthesia period. The relationship between the 
change in rCBF and the change in mean arterial blood 
pressure approached significance in the basal ganglia 
(r = 0.758), cerebellum (r = 0.776), and the cerebral 
cortex (r — 0.70), ( p « 0.1), but not in the brain stem 
(r = 0.629). There was no correlation of rCBF to 
changes in fetal pH, Paco, or Sao,. 

Regional rates of cerebral oxygen delivery in the 


fetus during -he acidosis and acidosis-anesthesia pe- 
riods are summarized in Table 4. Marked reductions 
in oxygen de ivery to all areas of the fetal brain were 
associated w-th maternal halothane anesthesia. Fetal 
blood loss daring sampling averaged 24 ml for the 
entire study period. This represents about 7% of the 
blood volumes of the average fetus. 


Discussion 


Partial umbilical cord compression was chosen as 
the method so produce fetal acidosis because predict- 
able levels of pH could be produced gradually without 
giving the mother drugs or anesthetics which might 
in themselves have affected fetal rCBF. We have been 
able to maintain stable fetal acidosis for several hours 
using carefu_ly controlled umbilical cord compression 
in other studies in our laboratory.” Further fetal de- 
terioration following the administration of halothane 
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FIGURE. Changes in blood flow to four fetal cerebral regions as 
a function o° changes in fetal mean arterial blood pressure 
(MABP) durirg fetal acidosis combined with maternal halothane 
anesthesia. 


TABLE 4 


Fetal Cerebral Oxygen Delivery as Percent of Control (Mean 
+ SE) 





Acidosis Acidosis-Anesthesia 
Cerebral cortex 77.8 E 18.1 27.8* 4 11.8 
Cerebell m 72.3 + 21.5 27.4* +99 
Basal ganglia 99.6 + 20.4 33.5* + 10.2 
Brain stem 95.8 + 21.4 41.07 + 11.5 





* Significantly changed from contro! ( p < 0.01) and acidosis 
(p < 0.05). 
t Significantly changed from control only (p < 0.01). 
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FETAL CEREBRAL BLOOD FLOW 


to the mother was abrupt and associated with the 
beginning of the anesthesia. The severe maternal 
metabolic changes produced during the anesthesia 
could have been responsible for the cardiovascular 
changes seen in the fetus, but the maternal halothane 
anesthesia was still directly or indirectly the cause of 
the changes observed. 

Fetal responses to umbilical cord compression were 
similar to those seen in our previous studies.” Marked 
respiratory and metabolic acidosis occurred, along 
with reduction in oxygen saturation even though fetal 
Pao, was not reduced. The fetal Pao, in the control 
period was lower than usually seen in control animals 
although approaching values reported in some series” 
and in our other chronically prepared pregnant ewes. 
This could represent an effect of maternal anxiety as 
well. It is difficult to explain why we failed to see a 
reduction in fetal Pao, with inflation of the occlusion 
loop sufficient to reduce fetal pH to 7.05. This finding 
has been consistent in our previous studies” ” as well 
as those now in progress. Perhaps because we are 
sampling from the axillary artery above the ductus 
arteriosus we are seeing blood more representative of 
umbilical venous blood than mixed arterial, although 
we would expect a corresponding lower Paco, if this 
were the explanation. The maintenance of the fetal 
Pao, with materna: anesthesia is easier to explain since 
maternal Pao, was raised to 401 and placental transfer 
of oxygen would be correspondingly greater. The 
shift in the oxyhemoglobin dissociation curve pro- 
duced by the acidosis was primarily responsible for 
the reduction in oxygen saturation. 

Because the near-term fetus maintains very active 
vascular reflexes," the response to the acidotic insult 
was to increase cerebral blood flow by maximally 
dilating the cerebral vasculature. Previous studies in 
our laboratory as well those. by Lou et al, ? have 
suggested that the acidotic fetus and newborn have 
impaired cerebrovascular autoregulation. We found 
that elevations or reductions of blood pressure of 25% 
from normal in acidotic fetuses was associated with 
corresponding increases in CBF (work in progress) 
whereas the normal fetus appears to autoregulate its 
CBF." The reductions in fetal blood pressure, cerebral 
blood flow, and cerebral oxygen delivery seen with 
maternal halothane anesthesia were thus not unex- 
pected. Other drugs and anesthetics that have potent 
cardiovascular depressant effects might be expected 
to reduce similarly fetal blood pressure and rCBF 
during acidosis. . 

The greatest increase in blood flow during fetal 
acidosis in the absence of maternal anesthesia oc- 
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curred in the brain stem and basal ganglia areas 
(+69% and +68%) with the least in cortical and cere- 
bellar areas (+37% and +27%). This agrees with pat- 
terns of brain damage reported by other investigators! 
where slow partial asphyxia resulted in damage 
mainly to the cortical areas. 

Interpretation of the present data and extrapolation 
to clinical situations are difficult. The fetuses we 
studied were severely acidotic (pH 7.05) before anes- 
thesia was induced in the mother. Perhaps less se- 
verely compromised fetuses might be better able to 
tolerate depressant anesthetic agents. In addition, cer- 
ebral blood flow must be considered in relation to 
cerebral oxygen consumption. Some anesthetics, bar- 
biturates, for example, may protect the brain from 
asphyxia, apparently by decreasing oxygen require- 
ments more than oxygen supply.!^'? Although this 
type of protection has not been demonstrated for 
inhalation anesthetics, it 1s possible that they may 
reduce cerebral oxygen requirements as well as cere- 
bral perfusion and thus partially protect the fetal 
brain from the effects of asphyxia. Until such evidence 
is obtained, however, we must carefully consider 
possible adverse fetal cardiovascular and cerebrovas- 
cular effects of the maternal inhalation anesthetic 
technique we choose when there is evidence of fetal 
asphyxia. 
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Autonomic Effect of Muscle Relaxants 


The influence of gallamine, pancuronium, suxamethonium, and d-tubocurarine on adrenergic 
neurotransmission was studied in the isolated saphenous vein o- the dog. Pancuronium but not the 
other muscle relaxants increased significantly the response to sympathetic stimulation and to 
exogenous norepinephrine; these increases were abolished after blockade of neuronal uptake by 
cocaine. Pancuronium and gallamine inhibited both the relaxation produced by lower doses of 
acetylcholine added during sympathetic stimulation (prejunctional effect) and the direct contractions 
evoked by high doses of the amine (postjunctional effect). In strips previously incubated with [?H]- 
norepinephrine, gallamine had no effect on [?H]norepinephrine efflux in basal conditions and during 
sympathetic stimulation; it increased markedly the efflux evoked by sympathetic stimulation in the 
presence of acetylcholine, confirming that gallamine inhibits the prejunctional effect of the latter on 
adrenergic transmission. When extrapolated to the intact organism, the present experiments indicate 
that gallamine and pancuronium augment the release of norepinephrine in vascular tissue under vagal 
control, which explains in part the cardiovascular effects of these muscle relaxants. (Vercruysse P, 
Bossuyt P, Hanegreefs G: Gallamine and pancuronium inhibit pre- and postjunctional muscarinic 
receptors in canine saphenous veins. ] Pharmacol Exp Ther 209:225-230, 1979) 
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Percutaneous Cervical Central | 
Venous Line Placement: A 
Comparison of the Internal and 


External Jugular Vein Routes 
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BELANI, K. G., BUCKLEY, J. J., GORDON, J. R., AND CASTANEDA, W.: Percutaneous cervical 
central venous line placement: a comparison of the internal and external jugular vein routes. 
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To compare the rate of success and incidence of complications associated with two currently 
popular routes of percutaneous central venous cannulation, we studied 167 patients in whom 
either internal or external jugular vein catheterization was attempted. Internal jugular vein (IJV) 
catheterization (125 patients) was successful in 9196; an intrathoracic location was achieved 
in 100%; complications occurred in 12.8%. Complications included one case of catheter 
_maiposition, one case of tension pneumothorax, and 12 instances of inadvertent carotid artery 
puncture, one resuiting in a paratracheal hematoma and phrenic nerve compression. The 
success rate of IJV cannulation was higher and carotid artery puncture less frequent when an 
18-gauge thin-walled needle and a straight guide-wire were used than when IJV cannulation 
was performed by blind puncture with a larger over-the-needle catheter. Delayed vein perfora- 
tion occurred twice. External jugular vein cannulation (42 patients), using a ''J'' wire tech- 
nique, yielded a 76?6 success rate: 93.796 of catheter tips reached an intrathoracic location. 
No complications occurred. We conclude that IJV cannulation is a more reliable means of 
percutaneous central venous line placement but is associated with a significant incidence of 
complications which can be reduced if a technique employing a scout needle and guide-wire 


is used. 


Key Words: VEINS, Jugular: cannulation; MONITORING: central venous pressure. 


URING the last decade, central venous pressure 
(CVP) measurement has become an important 

part of management in critical care medicine. The 
procedure requires that an intravenous catheter line 
be placed so that its tip lies in an intrathoracic "central 
vein," usually the innominate vein or the superior 
vena cava. These central veins can be reached percu- 
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taneously from several different sites, i.e., the ante- 
cubital veins or the cervical veins. Each approach has 
its merits and disadvantages. Several authors" have 
reported successful central cannulation via the inter- 
nal jugular veins (IJV) but the procedure is not with- 
out risk and numerous complications have oc- 
curred.» ?* €! In 1974, Blitt and associates” described 
an approach via the external jugular vein (EJV) using 
a "J'-tipped guide-wire to facilitate passage of the 
catheter into the intrathoracic venous system. We 
have prospectively studied 167 patients in whom 
"central lines" were placed to compare the usefulness, 
reliability, and hazards of these two popular tech- 
niques. 


BELANI ET AL 


Subjects and Methods 

From November 1, 1977, through April 30, 1978, 
all surgical patients in whom a percutaneous cervical 
CVP line was placed for fluid management during 
anesthesia were subjects of the study. The procedure 
was performed by staff anesthesiologists, senior resi- 
dents, or experienced nurse anesthetists. Either the 
EJV or IJV route was chosen by the anesthetist man- 
aging the patient. The decision usually depended 
upon whether the EJV was visible and the personal 
preference of the anesthetist. The procedure was per- 
formed using an aseptic technique with either local or 
general anesthesia and with the patient in a supine 
30? Trendelenburg position. For IJV cannulation the 
right side was chosen in preference to the left and one 
of two techniques was used. In the first, the vein was 
entered directly with a 14-cm, 14- or 15-gauge Teflon 
over-the-needle catheter; the catheter was then ad- 
vanced until a central location of its tip could be 
assumed. In the second technique, the Seldinger 
method? was applied: the IJV was punctured with a 
short (4 cm) 18-gauge thin-walled "guide" needle; a 
35-cm, 0.089-cm outside diameter, flexible guide-wire 
was then passed through the needle, after which the 
needle was removed, A 14-cm, 14-gauge Teflon over- 
the-needle catheter was then advanced over the wire 
into the vein and the catheter was passed centrally. In 
both techniques, the topographic landmarks used 
. were those described by Civetta et al; the point of 
entry was 5 cm above the clavicle and 1 cm medial to 
the lateral edge of the sternocleidomastoid muscle 
with the needle angled 30? to the coronal plane and 
inserted along a path parallel to the anterior border of 
the sternocleidomastoid muscle. If inadvertent arterial 
puncture occurred with either technique, the needle 
was removed and pressure was applied over the punc- 
ture site; the cannulation was reattempted after 5 


minutes. The procedure was abandoned if arterial © 


puncture occurred again or if the vein could not be 
located in three attempts. An attempt was defined as 
inability to enter or cannulate the IJV after careful 
needle insertions and withdrawal. Successful central 
catheter placement was assumed when there was easy 
passage of the catheter and when aspiration yielded 
free return of venous blood. 

For EJV cannulation, the technique described by 
Blitt et al? was used with slight modification. Percu- 
taneous EJV puncture was performed with the same 
18-gauge thin-walled needle described in the IJV tech- 
nique but this time a "J'-tipped, 35-cm, 0.089-cm 
outside diameter, flexible guide wire was passed 
through the needle into the EJV. With the wire in the 


EJV the needle was removed and a 14-cm, 14- or 16- 
gauge Teflor catheter was passed over the wire into 
the vein. The wire was manipulated past venous 
bifurcations antil a central position could be assumed 
and the cath2ter was then advanced over the wire to 
the central position. Failure of placement occurred 
when it was not possible to advance the J-wire beyond 
the clavicle. In this event the procedure was aban- 
doned. In th? technique described by Blitt venipunc- 
ture is performed directly with a long over-the-needle 
catheter through which the J-wire is then advanced. 

In both IJV and EJV methods, evidence of successful 
intrathoracic placement was checked by obtaining 
free return of venous blood upon lowering the intra- 
venous fluic reservoir and by noting fluctuation of a 
manometric fluid column with respirations. The cath- 
eters were taped securely and the puncture sites cov- 
ered with an antibiotic ointment and a sterile occlusive 
dressing. A postoperative or postinsertion chest x-ray 
was taken ia every case to verify the position of the 
tip of the catheter. Patients were examined daily for 
possible complications until the catheter was re- 
moved. 

X-ray corfirmation of catheter tip location provided 
the means to identify catheters that reached an intra- 
thoracic (central) position versus those that took an 
aberrant course after apparent successful intrathoracic 
placement at the time of insertion. Catheter tips 
placed extrathoracically or those that terminated in 
tributaries draining into the large veins were consid- 
ered malpositioned catheters. 

The chi square test was used to determine statistical 
significance of differences in results. Comparison was 
made betw2en the number of apparently successfully 
placed catFeters in the internal and external jugular 
vein groups and the number attempted in each group. 
Similar comparisons between the two groups were 
made with respect to the number of catheter tips 
actually placed intrathoracically, and the number of 
complications that ensued. A comparison was also 
made in tke IJV group between the number of cath- 
eters placed successfully with and without use of the 
"guide" needle and also between the number of times 
the carotid artery was punctured and the number of 
successful attempts. A p value of «0.05 was consid- 
ered significant. 

All patients included in the study were to have a 
cervical central venous line placed as a matter of 
routine for surgical management (cardiovascular or 
massive abdominal or thoracic surgery). The decision 
to use the external or internal jugular vein was entirely 
that of tFe anesthetist managing the patient, and 
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competence with or preference for one technique over 
the other was nct controlled or considered in patient 
selection. Since the study was simply an analysis of 
procedures that were applied without respect to this 
investigation, approval of the Committee on Human 
Experimentation was not obtained. 


Results 


The results of the study are summarized in Tables 
1 and 2. Internal jugular vein cannulation was accom- 
plished successfully in 91% of patients. All catheter 
tips reached an intrathoracic position. Of three cath- 
eterizations done via the left IJV, one tip was malpo- 
sitioned in the left superior intercostal vein. Among 
the 125 attempts at cannulations, one resulted in 
tension pneumothorax and there were 12 instances of 
carotid artery puncture. The pneumothorax required 
tube thoracotomy. In one patient, puncture of the 
carotid artery resulted in a right paratracheal hema- 
toma and phrenic nerve irritation, manifested by in- 
termittent hiccups for 8 days which ceased when the 
hematoma resolved. No significant complications 
were noted in the other patients in whom the carotid 
artery was inadvertently punctured. Two serious de- 
layed complications occurred following IJV cannula- 
tion. In one patient, an acute unilateral hydrothorax 
requiring chest tube draining occurred 48 hours after 


complications, immediate or late, after EJV line place- 
ment. 


Discussion 


This prospective study compares two popular per- 
cutaneous cervical routes for CV line placement. Ex- 
ternal jugular vein catheterizations produced no com- 
plications. This confirms the experience with this 
approach reported by Blitt et al.” However, our find- 
ings differ in some respects from those reported by 
Blitt, et al (Table 3). Our youngest patient was 3 years 
old, while the youngest in Blitt’s series was 9 years 
old; furthermore, we cannulated five patients by the 
EJV route who were less than 10 years of age (3, 3%, 
4, 8, and 9 years); cannulation was successful in all of 
these patients, probably because a shorter, finer 
needle was used to enter the EJV. On the other hand, 
our overall cannulation and intrathoracic placement 
success rate was lower than Blitt's. Although the 
reasons for these differences are not clear, the higher 
failure we observed may have been due to less vig- 
orous attempts to twist the J-wire past vein junction 
obstructions or to a purely chance encounter with a 


TABLE 2 


Catheter Tip Positions Obtained with Jugular Vein 
Cannulations j 

















a catheter was successfully placed via the right IJV. In Internal External 
another patient, a unilateral pulmonary infiltrate sud- cred EN 
denly appeared 7 days after a catheter was placed via ———— —— 
the left IJV in the left superior intercostal vein. Both | ote ule De 
patients experienced acute dyspnea with hypoxemia, Right atrium 10 3 
and blood could not be aspirated from the catheters. Superior vena cava 98 2 18 
As soon as the diagnosis was confirmed by chest x- nominare van 
the catheters were removed. The patients re- p : E 5 
ERI i E Contraiateral - 4 
covered completely. Other veins 
External jugular vein catheterization was successful Ipsilateral internal jug- l 
in 76% of patients; 94% of the catheter tips reached an ular vein — l 
intrathoracic location. Six catheter tips (14.3%) were ipsilateral axillary vein : 
. Left superior intercos- 1 
directed away from the heart: four reached the con- a 
tralateral innominate vein, one entered the ipsilateral 
, ; Total 111 3 28 4 
IJV, and one entered an axillary vein. There were no 
TABLE 1 
Results of Jugular Vein Cannulations 
Intrathoracic Malpositioned Complica- 
Vein No. Successful catheter tips tips tions 
attempted SS gode es SSS ee 
No. % No. 96 No. 26 No. 96 
IJV 125 |^ 114 H 114 — 100 1 0.8 16 143 
EJV 42 32* 76.2 30* 93.7 2 6.3 0* 0 
* p < 0.05. ] 
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TABLE 3 


Comparison of Results of External Jugular Vein 
Catheterization in Study by Blitt et al’? and This Study 





Bitt et al Belani et al 
(1974) (1979) 

Age group 9-86 yr 3-86 yr 
Success rate 96% 76% 
intrathoracic success rate 100% 94% 
Location of catheter tip: 

Right atrium 16.6% 9.4% 

Superior vena cava 76% 56.3% 

Innominate vein 7.3% 28.1% 

Other vein 0 6.3% 
Complications Nil Ni! 


plexus termination of the EJV in some patients, as 
commented upon by Blitt et al.” Possible differences 
in the experience and skill of the anesthetists who 
performed the procedure could also have contributed 
to the lower success rate. The lower rate of placement 
of catheter tips in the right atrium could be related to 
our preference for a higher level of puncture or to the 
length of the necks of patients; longer catheters would 
obviate such proximal terminations. Six catheters 
passed away from the heart and two tips became 
malpositioned in extrathoracic veins. Such catheter 
malpositioning following percutaneous EJV cannula- 
tion has not been previously reported. 

Qur results with IJV cannulation also differ from 
those reported by others. In a recent study,? both rate 
of failure and rate of inadvertent puncture of the 
carotid artery were 20%. The two techniques em- 
ployed in our study yielded statistically significant 
differences in success rates and incidence of puncture 
of the carotid artery (Table 4). When the short (guide) 
needle was used to puncture the IJV, the rate of 
successful cannulation was higher and the frequency 
of puncture of the carotid artery was only one third 
of the rate when direct puncture of the IJV with a 
long, large-bore, over-the-needle catheter was em- 
ployed. Civetta et al? and Prince et al? previously 
recommended localization of the IJV with a fine 
needle, followed by final puncture with a large needle 
for catheter introduction. That method, although use- 
ful, is unnecessary if the Seldinger technique? is 
applied, and the need to repuncture the vein is ob- 
viated. 

In the patients who developed tension pneumo- 
thorax and paratracheal hematoma, the IJV was en- 
tered directly with the long, over-the-needle catheter. 
Both complications could have been avoided if the 
fine needle and Seldinger technique"? had been used. 
The severe hiccups that accompanied the right para- 


TABLE 4 

Relation between Success Rate, Carotid Artery Puncture, 
and Use of “Gu de" Needle in 125 Internal Jugular Vein 
Cannulations 


“Guide” Successful poi 
nadie 0. cannulations punctures 
sed attempted 
No. 96 No. 96 
Yes 77 74 96.1 4 5.2 
No 48 40* 83.3 B* 16.6 
Total "25 114 91.0 12 9.6 
* p< 0.05. 


tracheal hematoma was due to irritation of the right 
phrenic nerve; this type of isolated phrenic nerve 
injury has no: been reported before. The two delayed 
complications (hydrothorax and pulmonary infiltrate) 
were also unsual. We believe they were caused by 
late penetration of the vein wall by the catheter tip. 
Carvell and Pearce’? reported a similar complication 
and summarized previous occurrences, but in only 
one instance was a Teflon catheter implicated. Similar 
vein wall per-oration could occur with an EJV catheter 
but is less likely because, as pointed out by Benotti et 
al? an IJV catheter is more susceptible to motion 
within the vein, which enhances the potential for vein 
penetration. 

Malpositicning and loop formation of IJV catheters, 
although rare, can occur. Recently Krausz et al? 
reported aberrant termination of a left IJV catheter in 
the left superior intercostal vein. They postulated that 
an enlarged left superior intercostal vein secondary to 
portal hypertension may have fostered the aberrant 
termination. Our patient did not have portal hyper- 
tension or cirrhosis, and the left side was chosen only 
because there was a septic fistula on the right side of 
the neck. 

Thus, comparing the two routes of cannulation 
(Table 1), there are statistically significant differences 
in the results obtained. The EJV route appears to be 
safer, but has a lower predictability for successful 
cannulation and results in a higher incidence of cath- 
eter malpositioning. On the other hand, the IJV 
method, although predictable and more reliable in 
providing access to the central veins, carries a greater 
risk of complication. This is perhaps understandable 
because the IJV is deeper and more closely related to 
structures that may be inadvertently damaged during 
cannulation. The use of a short fine needle and a 
straight guide-wire reduces the risk of puncture of the 
carotid artery and increases the success rate of IJV 
catheterizat:on. Late vein wall perforation by the cath- 
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eter tip can occasionally produce delayed complica- 
tions. 
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Hemodynamic Effects of the Trendelenburg Position 


The effect of the Trendelenburg position (15 to 20 degree head-down tilt) on systemic and 
pulmonary hemodynamics in critically ill patients was examined in 61 normotensive and 15 hypoten- 
sive patients with acute cardiac illness or sepsis. In normotensive patients, the head-down tilt increased 
the preload of both right and left ventricles, increased cardiac output slightly, decreased systemic 
vascular resistance, and did not change the mean arterial pressure. This effect was probably mediated 
by baroreceptor stimulation. In hypotensive patients, the Trendelenburg position did not increase 
preload, slightly increased afterload, and decreased cardiac output. This study failed to document any 
beneficial hemodynamic effect of the Trendelenburg position in critically ill normotensive or 
hyvotensive patients. (Sibbald WJ, Paterson NAM, Holliday RL, et al: The Trendelenburg position: 
hemodynamic effects in hypotensive and normotensive patients. Crit Care Med 7:218-224, 1979) 
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JUANG, M. S., YONEMURA, K., MORIOKA, T., AND TANAKA, l.: Ketamine acts on the peripheral 
sympathetic nervous system of cuinea pigs. Anesth Analg 59:45-49, 1380. 


The effects of ketamine on the peripheral sympathetic nervous system were studied in vitro by 
observing the amplitude of the nerve-mediated contraction of the vasa deferentia isolated from 
guinea pigs. Ketamine dissolved in the perfusate of an organ bath was applied to the tissues 
for 30 minutes and then washed out with a perfusate lacking ketamine for 90 minutes. 

Ketamine in concentrations of 107° and 107" g/ml had no effect on contraction induced by 
hypogastric nerve (preganglionic) stimulation. At 1079 g/ml, the drug Fad no significant effect 
during application but was associated with increased contractions during washout. At 107° 
and 107^ g/ml, the drug showed a dose-related depression during aprlication and an in- 
crease in contractions during washout after a 10^? g/ml. Ketamine, 1C ^? g/ml, increased 
contraction following transmural (postganglionic) stimulation and had a depressant effect at a 
concentration of 10 ^ g/ml. it is concluded (1) that ketamine has dual effects on the nerve- 
mediated contraction of the vasa deferentia and (2) that cardiovascular responses to ketamine 
include peripheral effects of ketamine on sympathetic ganglia. 


Key Words: ANESTHETICS, Intravenous: ketamine; SYMPATHETIC NERVOUS SYSTEM, ketamine. 





ARLY pharmacologic studies in man and animals 
showed that ketamine produces cardiovascular 
stimulation and other autonomic excitatory reac- 
tions." * Later, the possible sites of the cardiovascular 
effects of ketamine were investigated by several work- 
ers. Although the role of baroreceptors in producing 
the cardiovascular responses to ketamine is inconclu- 
sive," a number of reports"? indicate that the car- 
diovascular responses to ketamine are centrally me- 
diated. Ketamine, for example, does not produce a 
pressor response in dogs when activity of the periph- 
eral sympathetic nervous system is blocked by epi- 
dural anesthesia.’ 
Previous studies have not excluded the possibility 
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that ketamine may modify impulse propagation and/ 
or transmission within the peripheral sympathetic 
nervous system. In fact, Nedergaard, Montel et al,” 
and Hill et al? have shown an inhibitory effect of 
ketamine on the neuronal reuptake of norepineph- 
rine, and Gallagher et al” have reported a depolarizing 
effect of ketamine on frog sympathetic ganglion cells. 
Clanachan and McGrath" have suggested that keta- 
mine ma~ have both inhibitory and excitatory effects 
on the sympathetic nervous system of rats, the former 
including inhibitory effects on the responses of the 
anococcygeus (smooth) muscles to nerve stimulation 


-and the katter including small potentiating effects on 


the respcnses of the muscles to norepinephrine. The 
optimal doses for each effect were similar, the net 
effect be.ng predominantly depression of the rat pe- 
ripheral autonomic nervous system. 

The present experiments were designed to examine 
the direct action of ketamine on the nerve-mediated 
contractions of the isolated smooth muscle prepara- 
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tions using a wide range of concentrations.ard thus 
to elucidate possible effects of ketamine on the pe- 
ripheral sympathetic nervous system. Vas d-ferens 
preparations from guinea pigs’? were used in which 
readily quantifiable contractions could be preduced 
by either hypogastric nerve (preganglionic) or trans- 
mural nerve (postganglionic) stimulation.!^ "° 


Methods 


Guinea pigs (weighing 160 to 240 g) were siainned 
by a blow on the head and bled to deatk Two 
preparations fixed in an organ bath as previously 
described in detail by Hukovi¢c’® were used (Fiz 1). 


Isolated Hypogastric Nerve-Vas Deferens 
Preparation 


In this preparation, the hypogastric nerve was 
passed through two platinum ring electrodes 2 to 3 
mm apart (5; of Fig 1) and fixed with a pin. Electrical 
stimulation through the electrodes (hypogastric nerve 
stimulation) in such a preparation initiates imoulses 
in the preganglionic nerve fibers which travel ~ia the 
sympathetic ganglia to produce contractions >f the 
vas deferens.!^ "° 


Isolated Vas Deferens Preparation 


In this preparation, the mesenteric investmen- over- 


laying the vas deferens was removed and the b adder 
end of the vas passed through two platinum. ring 
electrodes 3 to 4 mm apart (Sz of Fig 1) and fixe 1 with 


To Drug- ae " 
Strain. gage PL rug-containin solution 


Suction s fH =~ Control 


solution 


Warm water 





s- To. 
S? a thermostaticaltiy 


: controlled resrvoir 


FL 


Fig 1. Schematic representation of the isolated hypogastric 
nerve-vas deferens preparation of the guinea pig and the per- 
fusion system used in the experiment. Warm water ~om a 
thermostatically controlled reservoir was circulated through the 
jacket to maintain temperature of the perfusate at 34-<6° C. 
Fresh Krebs solution corstantly run through the polyethylene 
tube could be changed by turning a three-way stopcocicto the 
perfusate containing the drug. Dots in the mesenteric inve<tment 
above the vas deferens represent peripheral sympathettz gan- 
glia of the hypogastric nerve. 
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a pin. Electrical stimulation through electrodes placed 
in this manner (transmural stimulation) initiates im- 
pulses in postganglionic nerve fibers which are lo- 
cated in the wall of the vas and which run in bundles 
parallel to the longitudinal axis of the vas thereby 
producing contraction of the vas.!^ 78 

Both preparations were immersed in an organ bath 
which was maintained at 34-36 C (Fig 1) and perfused 
continuously at a rate of 150 to 200 ml/hr with a 
Krebs solution of the following composition (in mM): 
NaCl 120; KCI 5.0; CaCl: 2.5; MgSO; 1.0; NaHCO; 
25; NaHePO, 1.0; and glucose 11. The solution was 
equilibrated with a gas mixture of 95% Os and 5% 
COs, and had a pH of 7.4. 

For the semi-isotonic recording of vas deferens 
contractions in response to stimulation of the hypo- 
gastric nerve or transmural stimulation, the testis end 
of the vas was connected to a force-displacement 
transducer (RP-2, Nihon Koden). Tetanic stimulation 
consisting of a train of pulses (30 Hz, 0.1 to 0.5 msec, 
pulse width) lasting 1 second were delivered through 
the platinum electrodes at 5-minute intervals in each 
experiment. The intensity of the stimuli was fixed for 
each preparation prior to drug application so as to 
produce a contraction up to two thirds of the maxi- 
mum. ur 
. Ketamine hydrochloride (Sankyo Co, Ltd, Tokyo) 
was added to the perfusate in the desired concentra- 
tion before each experiment. After application of 
ketamine for 30 minutes the tissue was rinsed by 
changing the perfusate back to a fresh Krebs solution 
lacking ketamine. 

In the control experiment, Krebs solution was used 
as the perfusate throughout the period of observation. 
During the control study, the amplitude of vas def- 
erens contractions in response to both hypogastric 
nerve stimulation and transmural stimulation dimin- 
ished gradually as time passed. As shown in Figs 2 
and 3, the mean amplitudes decreased with some 
fluctuations at a rate of 11 + 2% (mean + SEM, n = 
10)/hr in the hypogastric nerve stimulation and 8 + 
196 (n = 10)/hr in the transmural stimulation. There- 
fore, data obtained during and after application of 
ketamine were compared with those data obtained at 
each corresponding time in the control experiments. 
Student's f test was used to determine statistical sig- 
nificance of observed changes; p « 0.05 was taken as 
the minimal level of significance. 


Results 


Ketamine at concentrations of 10 * to 10 * g/ml did 
not produce spontaneous contractions of the vas def- 
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FiG 2: A, Effects of ketamine (107? to 10^? g/ml) on the 
amplitude of contractions of vas deferens induced by hypogas- 
tric nerve stimulation. Control experiment (O- — —O), Ketamine 
application for 30 minutes (6——4). Amplitudes are expressed 
as the percentage of the values obtained immediately before 
changing the perfusate to the test solution in each experiment 
(indicated by upward arrows). Open and solid circles represent 
the means of 10 experiments at each concentration with SEM; 
small black dots indicate statistically significant differences from 
the corresponding control values (p « 0.05). B, Same as A but 
with ketamine applied at a concentration of 1074 g/ml. 


erens in vitro but increased or decreased nerve-me- 
diated contractions as described below. 


Effects of Ketamine on Amplitude of Vas Deferens 
Contractions Induced by Hypogastric Nerve 
Stimulation 


The sequential changes in the amplitude of smooth 
muscle contractions induced by hypogastric nerve 
stimulation before, during, and after the application 
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Fia 3. Effects of ketamine (1077 to 1074 g/ml) on the amplitude 
of contractions of vas deferens induced by transmural stimula- 
tion. Definition of symbols is the same as in Fig. 2. 


of ketamine at each concentration (10 ? to 10 * g/ml) 
are illustrated in Fig 2 along with data obtained in the 
control experiments. 

At concentrations of 10 ? and 107’ g/ml, ketamine 
produced no significant change in the amplitude of 
contractions. During application of 10 ? g/ml for 30 
minutes, in three of 10 preparations slight increases 
in amplitude (111 to 127% of the controls) occurred 
that were not statistically significant. However, during 
washout of ketamine, a slight but statistically signifi- 
cant increase in mean values was observed reaching 
11396 of control levels. Increasing the concentration 
of ketamine to 107° g/ml caused contractions to be 
depressed to 85% of control levels 30 minutes after 
application. However, the amplitude increased signif- 
icantly as the tissues were washed with the ketamine- 
free perfusate for more than 55 minutes, reaching 
131% of the controls within 90 minutes. At the highest 
concentration of ketamine, 10 ^ g/ml (Fig 2B), con- 
tractions were almost completely inhibited to 5% of 
control levels after 30 minutes and returned to control 
levels 65 minutes after washout. In four cases in which 
10^* g/ml ketamine was applied and then washed out 
for more than 120 minutes, the mean amplitude in- 
creased to 142% of control. 
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Effects of Ketamine on the Amplitude of Vas 
Deferens Contractions Induced by Transmural 
Stimulation 


Fig 3 illustrates the sequential changes in the am- 
plitudes of smooth muscle contractions induced by 
transmural stimulation before, during, and after the 
application of ketamine at concentrations of 107’ to 
10 * g/ml, along with data obtained in control exper- 
iments. 

At concentrations of 107’ and 107° g/ml there were 
no significant changes in the contractions. At 107° g/ 
ml, ketamine produced a slight but significant in- 
crease in the amplitude of contraction, reaching 110% 
of the control levels 30 minutes after application. This 
increase persisted during washout. On the other hand, 
at the highest concentration, 10^ g/ml, ketamine 
produced significant depression of contractions to 
7896 of the control values 30 minutes after application. 
The depressed contractions recovered fairly rapidly 
to the control levels (within 15 minutes after the start 
of washout). During the washout period, contractions 
increased to 117 to 15596 of the control levels in five 
of 10 instances, an increase that was, however, not 
statistically significant, probably due to a large vari- 
ability in response. 


Discussion 


Corssen and Domino’ showed in their initial phar- 
macologic study that in man ketamine produces an 
anesthetic state with doses of 1.0 to 2.0 mg/kg of 
body weight. Even :f the drug were given intrave- 
nously and if all remained in the circulating blood, 
these doses would result in plasma concentrations 
that would not exceed approximately 10? g/ml. Con- 
centrations in the extracellular fluid where the drug 
exerts its pharmacologic action would be appreciably 
lower. For these reasons, and considering normal 
biologic variations, concentrations of 10~* to 107° g/ 
ml of ketamine were used in the present study. 

At these concentrations, ketamine failed to produce 
spontaneous contraction of the guinea pig vas defer- 
ens in vitro but did produce changes in sympathetic 
nerve-mediated contractions. This indicates that the 
drug does not produce ganglionic or nerve-ending 
stimulation, as suggested by Traber and Wilson,’ but 
that it probably modulates propagation or transmis- 
sion of impulses within the peripheral sympathetic 
nervous system. 

Ketamine produced in the present experiments de- 
pression of the nerve-mediated contractions when 
applied at relatively high concentrations. The contrac- 
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tions in response to the hypogastric nerve (pregan- 
glionic) stimulation were more effectively depressed 
than those in response to the transmural nerve (post- 
ganglionic) stimulation. These observations are con- 
sistent with the findings of Clanachan and McGrath" 
in the anococcygeus (smooth) muscle of pithed rats. 
This effect could be due to one or more of the 
following: (1) initiation and propagation of impulses 
were more effectively abolished in preganglionic than 
in postganglionic fibers; (2) release of or response to 
synaptic transmitter substances were more effectively 
inhibited in sympathetic ganglia than at sympathetic 
neuromuscular junctions; or (3) excitability of cell 
membranes was more effectively lowered in the sym- 
pathetic ganglion cells than in the smooth muscle 
fibers. The first explanation seems unlikely; such a 
local anesthetic-like action of ketamine would be 
more effective on postganglionic C-fibers than on the 
preganglionic B-fibers, as observed in frog sympa- 


thetic nerve fibers. The second possibility is sup- 


ported by the observation that ketamine decreases 
acetylcholine release from the motor nerve endings in 
rats? but decreases postsynaptic membrane sensitiv- 
ity to acetylcholine in both frog sympathetic ganglia” 
and in rat uterus smooth muscle? while potentiating 
smooth muscle response to norepinephrine in rats 
when applied at high concentrations." There is no 
experimental evidence to support the third possibility. 

Ketamine, at a relatively low concentration or fol- 
lowing washout, increased nerve-mediated contrac- 
tions. This effect was observed after application of 
10$ and 10? g/ml in the case of hypogastric nerve 
(preganglionic) stimulation, and during and after ap- 
plication of 10? g/ml in the case of transmural (post- 
ganglionic) stimulation. The above-mentioned de- 
pressant effects of ketamine on both types of contrac- 
tion would have counteracted these stimulatory ef- 
fects, and vice versa. Nevertheless, comparison of the 
minimal effective concentrations required to produce 
a stimulatory effect with pre- and postganglionic stim- 
ulation indicates that ketamine has a greater effect on 
contractions following preganglionic nerve stimula- 
tion than on contractions produced by postganglionic 
nerve stimulation. The mechanism of stimulatory re- 
sponse to ketamine may be related to persistent mem- 
brane depolarization in the frog sympathetic ganglion 
cells," inhibition of reuptake of norepinephrine by 
adrenergic nerve terminals," ? or alteration in the 
intracellular disposition of cyclic AMP producing pos- 
itive inotrophic effects in heart muscle." 

Similar dual actions of ketamine, depression at 
higher doses and excitation at lower concentrations, 
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or transient depression followed by a pressor re- 
sponse, have also been reported to occur in the car- 
diovascular system of dogs^?? and pithed rats.” The 
excitatory effects appear to predominate in man.*° 
The stimulatory effect found in the present study, 
however, does not appear to correspond to that found 
by others in man’? and animals.*?^?? [t remains 
difficult to explain why this effect occurred with such 
a long delay after start of the application and why it 
persisted for so long during washout. Perhaps keta- 
mine penetrates the cell membrane and remains in- 
side the cells for a long time during washout, thereby 
producing a prolonged stimulatory effect from inside 
the cells. 

In conclusion, ketamine revealed a dual action on 
the nerve-mediated contractions of guinea pig vas 


deferens in vitro, depending on its concentration and . 


time course. Whether showing enhancement or de- 
pression, the effects were greater following pregan- 
glionic nerve stimulation than following postgan- 
glionic nerve stimulation, The site of action of keta- 
mine includes sympathetic ganglia. | 
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PRESBITERO, J. V., Ruiz, R. S., Rigor, B. M., SR., DnouiLHET, J. H., AND ReEILLy, E. L.: 
Intraocular pressure during enflurane and neurolept anesthesia in adult patients undergoing 


ophthalmic surgery. Anesth Analg 59:50-54, 1980. 


The effects of neurolept and enflurane anesthesia on intraocular pressure (IOP) were studied 
in 20 patients undergoing elective ophthalmic surgery. Ten received neurolept and ten enflur- 
ane anesthesia. Continuous EEG tracings recorded the level of anesthesia. IOP was measured 
before and at intervals during anesthesia at varying concentrations of enflurane and incremen- 


tal doses of fentanyl. 


During level | neurolept anesthesia IOP increased from control values of 18.10 + 0.93 mm 
Hg (mean + SEM) to 19.50 + 1.65 mm Hg, but decreased to 14.55 + 0.84 mm Hg during 
level ll and to 12.29 + 1.13 mm Hg during level Ill anesthesia. During enflurane anesthesia 
IOP decreased from control values of 19.00 + 1.44 mm Hg (mean + SEM) to 14.50 + 1.60 
mm Hg during level i, 14.10 + 1.04 mm Hg during level il, and 11.60 + 1.46 mm Hg during 
level Ill anesthesia. The increase in IOP during neurolept level | anesthesia was not statistically 
significant but the decreases in IOP from control values during levels Il and Ill anesthesia were 
statistically significant. Decreases in IOP from control values were statistically significant at all 
levels of enilurane anesthesia. There was, however, no statistical significance between the 
differences in IOP values during levels Il and Hl neurolept anesthesia, nor between levels |, H, 
and Ill enflurane anesthesia. The differences in the mean IOP values between neurolept and 
enflurane anesthesia were statistically significant only during EEG level | anesthesia. 


Key Words: ANESTHETICS, Volatile: enflurane; ANESTHETICS, Intravenous: innovar; EYE: intraocular pressure. 


HE CONTROL of intraocular pressure (IOP) is 
often of prime importance in intraocular surgical 
procedures.’ Anesthe-ics that influence IOP have a 
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decisive role in providing desirable operative condi- 
tions. l 

Most inhalation anesthetic agents decrease IOP in 
man.“ The decrease appeared to be directly related 
to the depth of anesthesia. Many anesthetics, such as 
chloroform, hydroxydione sodium succinate, and tri- 
chloroethylene,” as well as the explosive agents, di- 
ethyl ether, and cyclopropane* have, however, little 
or no place in anesthesia for ophthalmic procedures 
today. On the other hand, halothane is useful in 
ophthalmic surgery not only because it lowers IOP, 
but also because it is unassociated with delirium and 
excitement during recovery*; many, however, would 
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prefer not to administer it to patients with liver dis- 
ease. The effect of intravenous anesthetics on IOP is 
less clear. Ivankovic and Lowe? documented a small 
decrease in IOP following anesthesia with Innovar 
during orthopedic and plastic procedures, whereas 
ketamine has been reported to cause either a slight 
increase’ in IOP, or no change.® 

Ophthalmic surgeons in our institution have ob- 
served that tension of the ocular wall during neurolept 
anesthesia appears to increase and so impede closure 
of ocular walls, especially during corneal transplant 
procedures. This has raised questions on the use of 
neurolept anesthesia in intraocular surgery. 

In this study we determined changes in IOP occur- 
ring during ophthalmic operations and compared the 
effects of enflurane and neurolept anesthesia in adult 
patients. These two anesthetics are predominantly 
used in intraocular surgery in our institution. 


Materials and Methods 


Twenty patients, A.S.A. physical status I to III, 
ranging in age from 32-80 years scheduled for elective 
eye surgery at Hermann Hospital were studied. The 
nature of the study was explained to each patient and 
written informed consent obtained. The experimental 
protocol was approved by the University Committee 
on the Protection of Human Subjects. 

All patients were premedicated with 0.4 mg of 
atropine sulfate. Four patients who showed marked 
anxiety were also premedicated with 50 to 75 mg of 
meperidine hydrochloride. Medications were given 
intramuscularly 60 minutes prior to induction of an- 
esthesia. 

Electroencephalographic (EEG) recordings were 
taken during the procedure. Silver chloride electrodes 
(Grass E5H) were applied according to the interna- 
tional 10-20 system with the first electrodes 10% of 
the distance from nasion (bridge of the nose) to inion 
(external occipital protuberance) and with additional 
electrodes at 20% intervals of the distance between 
these two points. In order to provide the surgeon a 
wider operative field, the anterior frontal polar elec- 
trodes (Fp1 and Fp2) were placed 20% from the nasion 
rather than 10%. The electrodes were attached with 
gauze and collodion. Recordings were obtained on a 
16-channel Grass model 8 EEG machine. During most 
of the procedure a bipolar montage in the anterior- 
posterior direction was employed. Either two or four 
channels of the recorder involving the frontal-cerebral 
and parietal-occipital activity were linked from the 
EEG amplifiers to a Nicolet Med-80 computer. Fast 
Fourier analysis of the EEG activity was done, and a 


print-out was made of the respective power levels 
with a simultaneous plot of this activity in each of the 
traditionaly evaluated EEG bands. EEG recordings 
started pr-or to induction of anesthesia and continued 
throughout the procedure until the patient was ready 
for transfer to the recovery room. EEG tracings during 
anesthesia were interpreted according to the criteria 
of Martin et al? and Neigh et al. 

Upon the patient's arrival in the operating room, 
topical 0.596 tetracaine hydrochloride ophthalmic so- 
lution was applied to the eye not undergoing surgery. 
Baseline measurements of the IOP were taken in the 
nonoperative eye with an EMT (Electro-Medical 
Technology) Digital Applanation Tonometer. Two 
equal readings from four read-outs were taken as the 
intraocular pressure. 

Subsecuent IOP readings were taken 10 to 15 min- 
utes following endotracheal intubation and at 30-min- 
ute intervals until termination of the operation. All 
tonomeri- readings were obtained by the same per- 
son. Care was taken to avoid bucking or straining, 
especially during the readings. The results were ana- 
lyzed using a Student's paired t-test to determine the 
significamce of differences in IOP between control 
and the various anesthetic levels. An unpaired Stu- 
dent's test was used for determining the statistical 
significance of differences between the mean IOP 
values wnen the two anesthetics were associated with 


the same anesthetic EEG level. 

Respiration was controlled. Arterial blood samples 
withdrawn from the radial artery during the surgical 
procedure showed pH, Pco, and Po, values ranging 
from 7.35 to 7.48, 32 to 44 torr, and 130 to 465 torr, 
respectively. Blood pressure and pulse rate were re- 
corded at 5-minute intervals. Esophageal temperature 
and elect rocardiographic tracings were displayed con- 
tinuously on Monatherm (La Barge, Inc.) and Roche- 
Paramet-on II machines, respectively. Body tempera- 
tures remained normal in all patients. 

Half -he patients had neurolept anesthesia, half 
enflurare anesthesia. This choice was made on a 
random basis. Pancuronium was used for muscle 
relaxaticn. 


Group 1: Neurolept Anesthesia 


Neurolept anesthesia was induced by intravenous 
Innovar 1 ml/12 to 20 kg of body weight. The dosage 
was adjusted to maintain blood pressure and heart 
rate within satisfactory ranges. When induction was 
prolonged, sodium thiopental was used. Pancuro- 
nium, LO mg/10 kg IV, was given for endotracheal 
intubation. Small incremental doses of the muscle 
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relaxant were subsequently administered to allow 
mechanical or manual control of ventilation. 

For maintenance of anesthesia, fentanyl was in- 
jected in 0.05-mg doses at approximately 15- to 20- 
minute intervals, with 60% nitrous oxide supplemen- 
tation. The first IOP reading during anesthesia was 
taken prior to addition of nitrous oxide. At the end of 
the procedure, atropine, neostigmine, and naloxone 
were used to reverse the muscle relaxant and the 
narcotic. 


Group 2: Enflurane Anesthesia 


\ 

Anesthesia was induced with thiopental sodium, 3 
mg/kg, and endotracheal intubation performed after 
pancuronium, 1.0 mg/10 kg. Enflurane in Oz was then 
started. Anesthesia was maintained with enflurane as 
the sole anesthetic agent. Respiration was controlled. 
At the termination of the operation, pancuronium was 
reversed with atropine and neostigmine and extuba- 
tion performed upon restoration of normal respira- 
tion. 


Results 
Neurolept Anesthesia 


During level I anesthesia there was a mean increase 
in IOP to 19.5 + 1.65 mm Hg (mean + SEM) from 
mean control values of 18.1 + 0.93 mm Hg (Table 1). 
This change in IOP was not statistically significant. 
On the other hand, there were statistically significant 
decreases in IOP during EEG levels II ( p < 0.001) and 
III ( p < 0.01) anesthesia to 14.6 + 0.84 mm Hg (mean 
+ SEM) and 12.3 + 1.13 mm Hg, respectively. The 
differences in IOP between these two levels and EEG 
level I were also statistically significant (p « 0.001), 
although the difference in IOP values during EEG 


TABLE 1 
Intraocular Pressure (mm Hg) during Neurolept Anesthesia 
Case Góral Level l Level u Level I 
no. anesthesia ^ asesthesia anesthesia 
1 21 20 19* iT 
2 19 15* 12* 
3 20 14* 13 
4 13 12* 9° 
5 15 13* 
6 17 11^" 
7 19 16* 11 
8 22 23* 
9 21 20* LET 15 
10 16 15* 14 
Mean 18.1 19.5 14.6 12.3 
SEM 0.93 1.65 0.84 1.13 
* Supplemented with 60% N20. 
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levels IĮ and III was not significant. IOP values with 
and without nitrous oxide supplementation were not 
significantly different at any levels of anesthesia (Ta- 
ble 1). 


Enflurane Anesthesia 


Inhaled concentrations of 1% to 1.7% enflurane 
anesthesia were associated with EEG level I anesthe- 
sia, 1.75% to 2.5% with level II, and 3% to 3.3% with 
level III. The decrease in IOP from mean control 
values of 19.0 + 1.44 mm Hg (mean + SEM) before 
induction of anesthesia to 14.5 + 1.60 mm Hg during 
EEG level I was statistically significant (p < 0.005) 
(see Table 2). The differences between control values 
of IOP and those observed during EEG levels II and 
III were also statistically significant ( p < 0.001). The 
decreases in IOP values during level II] anesthesia in 
relation to IOP values during EEG levels I and II were 
not significant. Likewise IOP values during EEG level 
II anesthesia were not significantly different from 
those observed during EEG level I anesthesia. 

Mean IOP during EEG level I enflurane anesthesia 
was significantly different from mean IOP during 
neurolept EEG level I anesthesia (p « 0.001). How- 
ever, mean IOP values during EEG level II and III 
enflurane anesthesia were not significantly different 
from mean IOP values during comparative levels of 
neurolept anesthesia. 


Discussion 


The first study on the effect of neurolept anesthesia 
on IOP was performed by Ivankovic and Lowe? who 
recorded 1296 decrease in IOP following an induction 
dose of Innovar (1 ml/8 kg). 

The influence of enflurane anesthesia on IOP was 
first studied by Radtke and Waldman‘ in patients 6 


TABLE 2 
intraocular Pressure (mm Hg) during Enflurane Anesthesia 
Case Level Í Level It Level iil 
no. Control anesthesia anesthesia anesthesia 
1 17 15 
2 26 21 16 10 
3 11 10 9 
4 15 11 9 8 
5 19 16 15 
6 21 19 
7 23 17 16 
8 24 16 14 
9 16 14 12 10 
10 18 15 13 
Mean 19.0 14.5 14.1 7 11.6 
SEM 1.44 1.60 1.04 1.46 
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to 19 years of age spontaneously breathing 3% to 5% 
enflurane, but other factors which influence IOP were 
not controlled. They found a mean decrease in IOP 
of 4 mm Hg (21%). Runciman et al!! standardized the 
conditions of their study but confined their investi- 
gation to the effect of 196 enflurane anesthesia sup- 
plemented by 60% nitrous oxide, and found a mean 
decrease of 40%. 

In the present study varying concentrations of en- 
flurane in Os were employed as the sole anesthetic 
agent in patients having enflurane anesthesia. The 
effects of incremental doses of fentanyl or increasing 
concentration of enflurane on anesthetic depth and 
IOP were observed throughout the operative proce- 
dure. l 

We limited the variables that could influence IOP 
during enflurane and neurolept anesthesia. To do this, 
in 16 patients premedication was limited to atropine, 
which, in the doses used, has no effect on intraocular 
pressure.” Four patients were given meperidine due 
to marked anxiety. Neuromuscular relaxation was 
provided by pancuronium which has been reported 
to cause either no significant change”? or a small but 
transient decrease in JOP lasting three minutes” to 8 
minutes," To avoid this possible effect, IOP was 
measured at least 9 minutes after injection of pancu- 
ronium. To eliminate the effect of Pco, on IOP res- 
piration was controlled. 

The present studies with enflurane showed statis- 
tically significant decreases in IOP from control values 
during all levels of anesthesia. However, contrary to 
previous publications, the decreases in IOP were not 
related to dosage or depth of anesthesia. Our neuro- 
lept studies also showed statistically significant dose- 
unrelated decreases in IOP from control values but 
only during levels II and III anesthesia. Furthermore 
the decreases in IOP observed during neurolept levels 
II and III anesthesia were not statistically different 
compared to enflurane at similar levels of anesthesia. 

The decreases in intraocular pressure observed in 
this study may be ascribed to several mechanisms. 
Several investigators!*? have described a hypotha- 
lamic center controlling intraocular pressure. Under 
general anesthesia, the hypothalamus, together with 
the cerebral cortex and related areas of the central 
nervous system,” ^ is depressed. A decrease in IOP 
may also be due to a decrease in aqueous outflow.? 
The facility of aqueous outflow is expressed as a 
coefficient and is the reciprocal of the resistance to 
the outflow. A high coefficient indicates lowered re- 
sistance to aqueous outflow. The increase in coeffi- 
cient of facility of outflow* and the curare-like mus- 


cular relaxation” associated with enflurane anesthesia 
may contribute to the decrease in IOP. As Al-Abrak 
and Samuel? suggested, the decrease in IOP following 
curare may, in contrast to what is observed with 
pancuron:um, be due to mechanisms other than ex- 
traocular muscular relaxation, e.g., paralysis of ocular 
smooth muscles. There is no apparent explanation for. 
the uniform decrease in IOP during the different 
levels of anesthesia under enflurane anesthesia. It is 
suggested that the factors that influence IOP during 
enflurane anesthesia exist early in the first level of 
anesthesia and remain operative throughout deeper 
levels of anesthesia. 

During neurolept anesthesia some of the factors 
influencing IOP during enflurane anesthesia are not 
present. The effects of neurolept on aqueous outflow 
are uncertain. Kornbleuth's group? observed an in- 
creased coefficient of facility of outflow while a de- 
crease was reported by Ivankovic and Lowe. No 
curare-like muscular relaxation is provided by the 
neurolept drugs. Furthermore, use of pancuronium as 
a muscle relaxant during neurolept anesthesia allows 
patients to be maintained in the first level of anesthe- 
sia, where some degree of straining may occur with 
surgical stimulation which may increase IOP. In our 
institution pancuronium has been used in intraocular 
surgery in adult patients instead of curare which has 
been reported to cause a significant decrease in IOP” 
because many of our patients have cardiovascular 
instability. The one patient in this study who showed 
an increase in IOP in the first level of neurolept 
anesthesia appeared to be straining during the pro- 
cedure. Possibly during deeper levels of anesthesia 
the depression of the central nervous system de- 
creases the IOP to the same extent as that observed 
under enflurane anesthesia. 

In conclusion, during enflurane anesthesia there 
was a statistically significant decrease in intraocular 
pressure in all levels of anesthesia. Neurolept anes- 
thesia was associated with significant decreases in 
intraocular pressure only during EEG anesthesia lev- 
els If and III. The decreases in IOP were not related 
to depth of anesthesia with either anesthetic. 

At equivalent levels of anesthesia there was no 
statistica ly significant difference between the mean 
IOP valves of the two anesthetics during EEG anes- 
thesia levels II and III. During EEG level I the mean 
IOP during enflurane anesthesia was significantly 
lower than during neurolept anesthesia. 
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Pancuronium 


Isaac Azar, MD,* James Cottrell, MD,T Bhagwandas Gupta, MD,i and 


Herman Turndorf, MD§ 


AZAR, l., COTTRELL, J., GUPTA, B., AND TURNDORF, H.: Furosemide facilitates recovery of 
evoked twitch response after pancuronium. Anesth Analg 59:55-57, 1980. 


Two groups consisting of 10 A.S.A. class I-Il neurosurgical patients each were studied to 
determine whether patients require greater quantities of pancuronium to maintain paralysis 
after having been given furosemide, 1 mg/kg. After a standardized barbiturate, narcotic and 
nitrous oxide induction of anesthesia, pancuronium was given intravenously until twitch re- 
sponse was suppressed by 95%. The study group received in additicn furosemide, 1 mg/kg, 
10 minutes prior to induction of anesthesia. Mean recovery time from 95% to 50% twitch 
suppression was 21.8 minutes in the control group and 14.7 minutes in the study group. 
Urinary output was significantly greater (13.5 vs 674 ml) and serum potassium levels lower 
(4.05 vs 3.85 meq/L) in the study group during recovery of twitch response. Furosemide, 1 
mg/kg, facilitates recovery of evoked twitch response after pancuronium. 


Key Words: NEUROMUSCULAR RELAXANTS: pancuronium; KIDNEY: furosemide; PHARMACOLOGY: diuretics. 





E HAVE noticed that neurosurgical patients 

given furosemide, 1 mg/kg, appear to require 
greater quantities of pancuronium to maintain paral- 
ysis. The following study was done to determine 
whether this observation was correct and to quantitate 
any differences which were seen. 


Method 


Two groups of 10 A.S.A. class I-II neurosurgical 
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patients each were anesthetized using a standardized 
thiopen-al, nitrous oxide in oxygen, narcotic and re- 
laxant sequence. Arterial and venous pressure, heart 
rate, pharyngeal temperature, urinary output, serum 
potassium levels, and quantitated twitch response 
were monitored. The study group received 1 mg/kg 
of furosemide 10 minutes before induction of anes- 
thesia. . 

After thiopental, 4 mg/kg IV, control twitch re- 
sponse of the hand was measured using supramaximal 
ulnar rerve stimulation at the elbow. A Grass 48 
nerve stimulator coupled with constant current and 
stimulus isolation units was used to deliver current at 
0.2 Hz. The hand response was transduced, amplified, 
and recorded on an E for M VR6 recorder using a 
specially designed Twitch Box! to quantitate the re- 
sponse. À bolus of pancuronium, 0.04 mg/kg, was 
then administered intravenously and supplemented, 
as necessary by O.1-mg increments until twitch re- 
sponse was suppressed by 9576. Recovery times from 
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95% to 75% and to 50% twitch suppression were 
determined (Tose-75% and T7s%-50%, respectively). 
Paired t-tests were used for statistical analysis. 


Results 


Twitch recovery was significantly more rapid in 
patients given furosemide. Mean recovery time from 
95% to 50% twitch depression was 21.8 minutes in the 
control and 14.7 minutes in the study group. Urinary 
output was significantly greater and serum potassium 
levels lower during twitch recovery in the study 
group. Results are summarized in the Table. 


Discussion 


Pancuronium is primarily eliminated unchanged by 
the kidneys, although a small fraction is metabolized 
by the liver? The rate of twitch height recovery 
depends on drug distribution, renal function, body 
temperature, acid-base and electrolyte balance, drug 
interaction, and neuromuscular disorders.? 

Furosemide and other diuretics potentiate the neu- 
romuscular blocking effects of non-depolarizing mus- 
cle relaxants. Miller et al^ reported potentiation of 
curare in anephric patients after administration of 
mannitol, 12.5 g, and furosemide, 80 mg, combined. 
Gessa and Ferrari? also found curare potentiation in 
thiazide-treated rabbits. 

Qur observation that recovery time from pancuro- 
nium is shortened after furosemide appears to contra- 
dict these findings. However, significant differences 
in the methods used may explain this apparent con- 


TABLE 


Effect of Furosemide on ED;s«, Recovery Rate of Twitch 
Response, Urinary Output, and Serum Potassium after 
Pancuronium (mean + SE) 


Control 


(n = 10) Study (n = 10) p 


Mean EDgss, of 0.04 + 0.00 
pancuronium 
(mg/kg) 

Mean recovery 
time Toss, 755 
(min) 

Mean recovery 
time T75%-£0% 
(min) 

Mean urinary 
output Tasg- 
75% (mi) 

Mean serum K* 
at 55o% (meq/ 
L) 


0.05 + 0.01 NS 


14.10 + 0.27 9.30 + 0.79 <0.0005 


7.702060 640+ 0.19 «0.0025 


13.50 + 2.54 674.0 + 120.0 «0.0005 


4.05 +4 0.18 3.85 x 0.20 «0.05 
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FIGURE. Basis of a possible dual effect of furosemide at the 
neuromuscular junction. 


tradiction. We studied patients with normal renal 
function to whom pancuronium was given during the 
peak diuretic effect of furosemide. Others studied 
anephric patients* or animal preparations.”. 

The enhancement of twitch recovery by furosemide 
may be due to a direct effect on the neuromuscular 
junction, an indirect effect altering serum potassium 
levels, or an increased pancuronium urine excretion 
rate. 

It has been suggested] that in the cat small doses 
(1 to 100 ug/kg IA) of furosemide reduce calcium 
influx at the motor nerve ending, possibly by blocking 
a protein kinase (Figure). This would inhibit muscular 
contractions and potentiate non-depolarizing relax- 
ants. Extremely large doses (100 ug/kg IA) of furo- 
semide inhibit phosphodiesterase and thereby possi- 
bly increase the level of nerve ending cyclic AMP. 
This facilitates calcium influx, enhances muscular 
contraction, and antagonizes non-depolarizing muscle 
relaxants. Gessa and Ferrari? described this biphasic 
effect using thiazides in rabbits. Chlorothiazide, 100 
mg/kg IV, enhanced curare and 300 mg/kg antago- 
nized it. The dose of furosemide we used (1 mg/kg) 
is in the range that has been found in animal prepa- 
ration to enhance the neuromuscular junction trans- 
mission.|| That could be one explanation for the facil- 
itated twitch recovery in our study. 

Chronic administration of diuretics may cause hy- 
pokalemia which can potentiate non-depolarizing 
muscle relaxants,? but acute changes in serum potas- 
sium levels have not been shown to have a significant 


| Ham J, Scapaticci KA, Dretchen KL, et al: Effect of furosemide 


on neuromuscular transmission. Abstracts of Scientific Papers, of 
American Society of Anesthesiologists Annual Meeting, 1977, pp 
471-472. 
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effect on reactivity of non-depolarizing relaxants. In 
our patients who were given furosemide mean serum 
potassium was significantly lower than in the control 
group, but because it was an acute change, it probably 
played no role. 

Although pancuronium is primarily excreted by the 
kidneys, the effect of diuresis on its excretion rate has 
not been studied. Furosemide could possibly increase 
pancuronium excretion rate by increasing renal blood 
flow and glomerular filtration rate. Furosemide does 
indeed increase renal blood flow and glomerular fil- 
tration rate to a small extent.’ It is possible that 
pancuronium administration coincided in our study 
with the peak effect of furosemide on renal blood 
flow and glomerular filtration rate and thus pancu- 
ronium excretion rate increased. 
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Drug Delivery Kinetics in Intravenous Systems 


The kinetics of drug delivery were studied under conditions of varying intravenous flow rates and 
varying sites of drug administration into an intravenous system. The rate of drug delivery from the 
intravenous system was dependent upon the intravenous flow rate and site of injection of the drug 
into the intravenous system. Under conditions of slow intravenous flow rates (3 ml/hour) there was 
the expected time delay required for the drug to begin to be -nfused but an unanticipated protracted 
time required for actual completion of the drug infusion. Calculation of theoretical drug blood levels 
based on the results of these intravenous studies revealed very different blood levels of drug at 
respective times, including different peak concentrations, depending on the intravenous flow rate and 
site at which the drug was injected into the system. Failure to appreciate the effects of slow intravenous 
rates and remote intravenous injection sites on actual rates of drug administration can adversely affect 
pharmacokinetic decisions and conceivably influence therapeutic success or failure. (Gould T, Roberts 
RJ: Therapeutic problems arising from the use of the intravenous route for drug administration. J 


Pediatr 95:465-471, 1979) 
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Physostigmine-Atropine Solution 


Fails to Reverse Diazepam Sedation 
Jeffrey G. Garber, DMD,* Alan Jay Ominsky, MD,7+ Fredrick K. P 


MDs and Peter Quinn, DMD§ 


GARBER, J. G., OMINSKY, A. J., ORKIN, F. K., AND QUINN, P.: Physostigmine-atropine solution 
fails to reverse diazepam sedation. Anesth Analg 59:58-60, 1980. 


Patients undergoing dental extraction under intravenous diazepam sedation were studied to 
determine whether physostigmine, a cholinesterase inhibitor, reverses diazepam-induced se- 
dation. A modified Bender-Gestalt Dot Test was used to measure psychomotor function. 
Patient self-assessment of recovery and a surgeon's independent assessment of recovery 
were scored on a O to * 0 measured scale before and after administration of either a physo- 
stigmine-atropine mixture (nine patients) or saline (12 patients). 

The physostigmine-atropine mixture did not significantly speed recovery or improve psy- 
chomotor function when compared with normal saline. The results indicate that, in contradic- 
tion to previous case reports, the analeptic effect of physostigmine may be specific for 


anticholinergic drugs. 


Key Words: ANTAGONISTS, Miscellaneous: physostigmine; HYPNOTICS, Benzodiazepines: diazepam. 


NTRAVENOUS diazepam enjoys widespread use 

for outpatient surgical sedation. While recovery 
times are variable, prolonged sedation and central 
depression have been reported," ^ Recent interest in 
the use of physostigmine, a cholinesterase inhibitor, 
to reverse sedative drugs? ? stimulated our investiga- 
tion of its use in reducing recovery time following 
intravenous diazepam. 

Although the site of action of diazepam is not 
completely understood, it is thought to interfere with 
interneuronal transmission within the spinal cord and 
in supraspinal structures within the limbic system.^ 
The sedation or calmness achieved with diazepam is 
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probably due to its action on the amygdala, that part 
of the limbic system which serves as a relay area for 
the expression of emotion. 

Physostigmine inhibits the destruction of acety- 
choline by acetylcholinesterase. This allows accumu- 
lation of acetycholine at the neuroreceptor sites and 
leads to an increase in cholinergic stimulation. Unlike 
quaternary anticholinesterases such as neostigmine, 
physostigmine crosses the blood-brain barrier, 
thereby acting both centrally and peripherally. It has 
been used to reverse central nervous system depres- 
sion induced by a variety of agents with anticholin- 
ergic properties.’ These drugs include the belladonna 
alkaloids (e.g., scopolamine), phenothiazines (e.g., 
chlorpromazine), tricyclic antidepressants (e.g., imi- 
pramine), and butyrophenones (e.g., droperidol). 

Although diazepam has no known central anticho- 
linergic effects, reports have indicated reversal by 
diazepam in cases of delirium associated with diaze- 
pam.” It has been contended that physostigmine also 
may have a nonspecific analeptic effect and hence 
might be useful in patients who have received drugs 
without demonstrable anticholinergic properties. It 
is with this in mind that the current study was under- 
taken. 
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Methods 


Twenty-one A.S.A. physical status class I patients 
undergoing routine dental extractions with intrave- 
nous diazepam sedation and local anesthesia partici- 
pated in this double-blind study. Twelve control pa- 
tients received a 3-ml solution of saline and nine test 
patients received a 3-ml solution containing 2 mg of 
physostigmine and 1 mg of atropine intravenously at 
the end of the surgical procedure. These patients were 
assigned randomly into one of the two experimental 
groups by picking one of 24 sealed, coded envelopes. 
Informed consent was obtained prior to initiation of 
treatment. All patients were given intravenous diaze- 
pam incrementally at a rate of 5 mg/min until Veril’s 
eye sign (half-lid ptosis) was observed (Table 1). After 
satisfactory local anesthesia was obtained, the oral 
surgical procedures were performed. No procedure 
lasted longer than 15 minutes. 

Two measures of recovery were employed. One 
involved psychomotor testing via a modifed Bender- 
Gestalt test. The other involved independent ratings 
of wakefulness by the patient and the surgeon. 

To measure psychomotor function during recovery 
from diazepam sedation, a portion of the Bender 
Motor Gestalt test as modified by Newman, Trieger, 
and Miller® was administered to each patient four 
times. The test was given preoperatively, immediately 
postoperatively, and at 5- and 15-minute intervals 
following injection of the unknown solution. The tests 
were given in the sitting position. Patients were asked 
to simply connect the dots in the figure as shown 
(Figure). The number of dots completely missed on 
the Bender-Gestalt test was counted. All tests. were 
graded by the same examiner. Recovery within each 
of the two test groups was based on a change from 
the preoperative test in the mean number of dots 
missed when measured during the three postoperative 
time periods (Table 2). Data from both groups were 
analyzed using a chi square test; p < 0.05 was consid- 
ered statistically significant. 

The second assessment, done independently by 
patients and by the oral surgeon, rated subjective 
estimates of recovery. Patients were asked to record 
on a-measured scale (0 to 10) their feelings of wake- 
fulness. Independently, the oral surgeon was asked to 
assess the patient's state of recovery using the same 
scale. The data were read off these scales to the 
nearest integer. These tests were given immediately 
postoperatively and again 5 minutes after administra- 
tion of one of the test solutions. The subjective tests 
for both patients and surgeons were graded by re- 


TABLE 1 
Patient Groups and Diazepam Dose 


Mean dose 


No. of m i Diazepam 
Group subjects Mean weight of diaze- dose 
pam 
kg mg mg/kg 
Physostigmine- 9 66.5 17.2 0.26 
atropine 
Saline 12 68.4 16.7 0.24 
NAME —_ ae ae Se eS a TEST NO, 
DATE — illl Lc Instructions, Please connect dots on the figure outlined inme- 
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FIGURE. Modified Bender-Gestalt test used for evaluation of 
psychomotor function. 


TABLE 2 


Change in Total Number of Dots Missed at Each Time 
Period* 


Period 
Group 
1 2 3 
Physostigmine-atropine 67 50 43 
Saline 123 101 59 


* Values are preoperative vs postoperative at three time 
periods: (1) immediately postoperatively; (2) immediately post- 
operatively 4- 5 minutes; and (3) immediately postoperatively 
+ 15 minutes. 


cording the differences in scores before and after the 
administration of the test solution. p « 0.05 in a two- 
tailed Mann-Whitney U-test!! was taken as the level 
of statistical significance in evaluating these results. 
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Results 


The diazepam doses sufficient to achieve half-lid 
ptosis are presented in Table 1. 

The Bender-Gestalt test, as expected, showed fewer 
misses in both control and in experimental patients 
as a function of time following surgery (Table 2). 
However, when the groups were compared, at each of 
the time periods the total number of dots missed was 
not significantly different (chi squared = 2.26). The 
median scores in the subjective recovery scale im- 
mediately postoperatively were 5.75 in the control 
groups and 6.00 in the experimental group. Note that 
higher scores indicated an increased feeling of recov- 
ery. Five minutes after the administration of the test 
solution, the median scores were 8.25 in the control 
group and 6.00 in the experimental group. U values 
from the patient's self-assessment as obtained from 
the Mann-Whitney U-test were 26 indicating statis- 
tical significance for a two-tailed test at the p = 0.05 
confidence level. Median scores from the surgeon's 
subjective evaluation of recovery immediately post- 
operatively showed values of 5.50 and 6.00 in the 
control and test groups, respectively. Five minutes 
later, following "reversal," the median score was 7.75 
in control patients as compared to 6.00 in the exper- 
imental group. 

Results from the surgeon's assessment of recovery 
likewise showed that participants in the control group 
scored significantly h:gher on their rating scales than 
did those in the experimental groups. U values from 
this groups were also x26 indicating statistical signif- 
icance. 


Discussion 


Physostigmine has previously been shown to be 
effective in reversing the central anticholinergic action 
of such drugs as scopolamine.” Since diazepam has 
no known central anticholinergic effect, case reports 
suggesting the ability of physostigmine to reverse 
diazepam delerium or overdose have led to the belief 
that physostigmine may have a nonspecific analeptic 
effect on this drug. ^? If indeed physostigmine were 
effective in hastening the recovery of sedation 


6 O ANESTHESIA AHD ANALGESIA 
Voi 59, No 1, Jaruary 1980 


achieved with diazepam, it would be very useful in 
outpatient anesthesia. However, our data indicate that 
a mixture of physostigmine and atropine does not 
speed the recovery process or improve psychomotor 
function and, hence, our data suggest that physostig- 
mine does not have an analeptic effect on diazepam- 
induced sedation. Indeed, when used in combination 
with atropine (as it must be to avoid unpleasant 
muscarinic effects), physostigmine significantly de- 
layed the recovery process. Atropine, on the other 
hand, when used to prevent the muscarinic effects of 
physostigmine may exert anticholinergic effects, e.g., 
large doses of atropine cause sedation and have a 
synergistic sedative effect when combined with other 
sedative drugs.? It may be that while physostigmine 
reverses most of the the central nervous system de- 
pression produced by atropine, it does not reverse all 
of it. This may account for the observed increase in 
sleepiness and decrease in psychomotor performance 
in the patients that received the atropine-physostig- 
mine mixture. 
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A method is reported which utilizes a sodium fusion reaction to decomrose organofluorine 
compounds and yield ionic fluoride which may then be quantified with e specific ion electrode. 
The method is simple, quick, sensitive, and applicable to fluorinated an2sthetic metabolites. 
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REVIOUS studies concerning the meldbolism of 

volatile fluorinated anesthetics to organic fluoride 
metabolites have used oxygen combustion techniques 
to cleave the carbon-fluorine bond and allow the 
fluoride to be quantified."? These techniques are 
cumbersome, require specific glassware, and often 
produce interfering substances which register on the 
specific ion electrode. Elving and Ligett? have re- 
ported a technique that utilizes alkali metal fusion to 
reductively decompose organohalogen compounds 
and liberate halide ions which may be quantified by 
a number of techniques. In this report we describe a 
modification of this techique which allows us to rap- 
idly detect and quantify fluorinated anesthetic metab- 
olites in biologic samples. 


Methods : 


Preparation of Standards 


Trifluoroacetic acid was chosen as indicative of the 
terminal metabolites of volatile fluorinated anes- 
thetics, since it is one of the end-products of halo- 
thane, isoflurane, and fluoroxene biotransformation." 
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In addition, fenfluramine (three C-F bonds) was cho- 
sen as a nonvolatile fluorinated compound for further 
confirmat-on of this technique. 

To determine the linearity and range of the sodium 
fusion technique, aliquots of alkaline standard solu- 
tions of sodium trifluoroacetate and fenfluramine 
(0.02 to 4-0 pmoles) were added to screw-cap culture 
tubes. Th2 samples were then lyophilized to dryness 
for subsequent analysis of organic fluoride. 

For the determination of the efficiency of this tech- 
nique with various biologic samples, sodium trifluo- 
roacetate solutions (0 to 13.5 pmoles) were added to 
equal volumes (0.2 ml) of water, 0.05 m phosphate 
buffer at pH 7.4, blood, urine, and hepatic microsomal 
suspensicns (5 mg of protein per milliliter) in screw- 
cap culture tubes. The samples were made alkaline 
by addinz 50 pl of 0.1 n NaOH and lyophilized to 
dryness for organic fluoride analysis. 

For the determination of the influence of sodium 
fusion or ionic fluoride detection, known amounts of 
sodium f_uoride (0 to 10 umoles) were added to blank 
solutions of water, phosphate buffer, urine, blood, or 
microsomal suspension both prior to and after the 
sodium fusion step. 


Sodium Fusion Procedure 


All of the chemical procedures are performed in a 
hood while wearing safty glasses and gloves. A piece 
of sodiur1 metal approximately 15 to 20 mg is weighed 
and blotted dry. The sodium cube then is added to a 
15 x 120-mm screw-cap culture tube containing the 
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lyophilized sample or standard. The cap is loosely 
screwed on the tube, and the tube is placed in a 


Meker burner. At first the tube is just gently heated - 


(approximately 100 C) to melt the sodium into the 
lyophilized sample The tube is then placed directly 
into the flame to produce sodium fumes (bluish vapor, 
approximately 800 C) at which time the fusion is 
complete. The tubes are set aside and allowed to cool 
to room temperature, after which residual sodium 
metal is destroyed by the addition of 50 ul of anhy- 
drous methanol. Distilled deionized water (2 ml) is 
then added to each tube, followed by 500 ul of 6 M 
potassium acetate buffer, pH 6.0, to neutralize the 
sample. Aliquots (500 pl) of the neutralized samples 
are mixed with 2 ml of TISAB (Orion Research, Inc) 
and analyzed using a Corning 110-mV meter 
equipped with a fluoride ion specific electrode (Orion 
Research, Inc). 


Calculation of Organic Fluoride 


Calibration curves were prepared by plotting mil- 
livolt values versus concentration of sodium fluoride 
standards added. Organic fluoride from samples can 
be calculated by suotracting the free fluoride in the 
original sample' from the total fluoride content deter- 
mined by the sodium fusion technique. 


Application of Technique 


At various time points following anesthesia, urine 
samples were obtained from consenting aduit patients 
anesthesized for 2 hours with enflurane (1.8%) or 
halothane (0.7%). A 200-1 aliquot of urine was treated 
with 50 ul of 0.1 N NaOH, lyophilized, and processed 
through the sodium fusion procedure. Urinary free 
inorganic fluoride was separately determined by a 
published technique." 


Results 


Standards of sodium fluoride in water, buffer, 
urine, blood or microsomes were processed through 
the sodium fusion technique and found to produce 
the same millivolt readings as those generated by 
addition of the sodium fluoride after the fusion reac- 
tion. This indicates there will be no loss of inorganic 
fluoride generated during the fusion process. In ad- 
dition, the same mi_livolt curve was obtained with 
sodium fluoride standards, regardless of the media. 
Background interference readings on the fluoride- 
specific electrode were dependent on the sample ali- 
quot or the nature of -he material, but were equivalent 
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to 2 nmoles of fluoride or less. Thus, the sodium 
fusion procedure for organic fluoride was calculated 
using sodium fluoride standards for the detection of 
fluoride ion released following the fusion reaction. 

Lyophilized alkaline samples (N = 6) of trifluo- 
roacetate and fenfluramine (0.02 to 410 moles) were 
processed through the sodium fluoride procedure, 
and their total fluoride content was calculated. Over 
the entire range of concentration, three fluoride equiv- 
alents were detected for each equivalent of either 
compound processed through the sodium fusion pro- 
cedure (Fig 1). At a fixed concentration over numerous 
experiments the same level of fluoride was detected 
from a trifluoroacetate sample. 

When trifluoroacetate was added to phosphate 
buffer, urine, blood, or microsomal suspensions, the 
efficiency for decomposition of the compound to free 
fluoride ion by the sodium fusion technique was less 
than that occurring with aqueous trifluoroacetate so- 
lutions (Table). It should be noted that the efficiency 
for sodium fusion was dependent on the media and 
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Fig 1. Detection of organic fluoride from various quantities of 
trifluoroacetate and fenfluramine. Values are means + standard 
deviation (N = 5) for trifluoroacetate (Bl) and fenfluramine (L1). 


TABLE 1 


Efficiency of Organic Fluoride Detection in Various Biologic 
Samples by Sodium Fusion Technique 


Trifluoroacetate added to* Total fluoride de- 


tectedt 
% 
Water 98.1 + 4.5 
0.5 M sodium, phosphate, pH 7.4 84.0 + 5.2 
Urine 48.1 + 4.5 
Blood 40.5 + 2.4 
Microsomes 57.3 +4 5.3 


* Sodium trifluoroacetate (0 to 13.5 umoles) added to each 
sample (0.2 ml) and processed through sodium fusion proce- 
dure. 

+ Means + standard error for multiple determinations and 
four concentrations. 
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not the concentration of trifluoroacetate added. Thus, 
within a determined range of organic fluoride concen- 
tration the efficiency for that media can be used to 
determine the total fluoride detected in the sample. 

Urine from consenting adult patients (N = 5) re- 
ceiving for 2 hours either enflurane (1.8%) or halo- 
thane (0.7%) were analyzed for free and organic flu- 
oride levels by the methods discussed (Fig 2). Using 
predetermined efficiency of detection for organic flu- 
oride from sodium trifluoroacetate in urine, we found 
that there were millimolar quantities of organic fluo- 
ride in the urine of patients after 2 hours of halothane 
anesthesia. There were only small amounts of inor- 
ganic fluoride appearing in the urine of the patients 
receiving halothane. These values are similar to pre- 
viously reported® urinary organic and inorganic fluo- 
ride levels. 

Urine from patients receiving enflurane had maxi- 
mal levels of ionic fluoride at 12 hours after initiation 
of anesthesia. Since the metabolities of enflurane are 


CONCENTRATION - m Molar) 
J 
= 
———À 


Time From Start Anesthesia (Hours) 


Fig 2. Organic and inorganic fluoride concentrations in urine 
of patients following anesthesia with enflurane or halothane. 


Data are the means or means + standard deviation (N = 5) for 


patients receiving for 2 hours 0.7% halothane (A free fluoride, 
A organic fluoride) or 1.8% enflurane (O free fluoride, @ organic 
fluoride). 


unconfirmed, it was assumed organic fluoride metab- 
olites would have the same efficiency of decomposi- 
tion by sodium fusion as trifluoroacetate in urine, 
Using this efficiency, we found the urinary organic 
fluoride in patients receiving enflurane to rapidly 
increase during anesthesia and remain elevated even 
at 4 days afer anesthesia. The ratio of urinary organic 
fluoride to inorganic fluoride was identical with that 
recently reported.® 

In separate studies, urine containing either halo- 
thane or enflurane gave no response for organic flu- 
oride since the anesthetics are readily removed by 
lyophilization. 


Discussion 


In this stady we have shown that the sodium fusion 
technique is a simple and sensitive method for the 
determination of organic fluoride in biologic samples. 
The organic fluoride bond is cleaved by the sodium 
to produce free fluoride ion which is quantified with 
a fluoride specific electrode calibrated with sodium 
fluoride standards. The matrix in which the organo- 
fluorine ccmpound is present affects the efficiency of 
the fusion reaction (Table). The efficiency though is 
fairly constant over the fluorocarbon quantity gener- 
ally processed through the sodium fusion reaction. 
Thus, the absolute organic fluoride present can be 
calculated in a given biologic sample. The technique 
is easily reproducible with organofluoride standards 
yielding little variation in their organic fluoride levels. 

Trifluoroacetic acid is noted for the stability of its 
trifluoromethyl group,’ yet this technique readily 
cleaves all three fluorides from the carbon backbone 
over a wide concentration range in an aqueous me- 
dium. Increasing the efficiency of organic fluoride 
decomposition by sodium fusion in other media will 
require further experimentation. 

The lac« of special glassware required for combus- 
tion techniques and the ovens required for other 
methods zllows for rapid processing of large numbers 
of samples (more than 30 samples per hour through 
the sodium fusion step). This technique readily de- 
tects 2 to 10 nmoles of fluoride per milliliter of 
sample, a level which is much more sensitive than 
previously reported limits of detection.” 
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The Lung as a Filter for Microbubbles 


An ultrasonic Doppler device was used noninvasively over the femoral artery of anesthetized dogs 
to prove that it can detect carefully calibrated microbubbles of 14- to 189-um diameter when these are 
infused directly into the aorta. The same technique was then employed to detect bubbles escaping 
into the arterial system when gas was infused into the venous system either as microbubbles or as a 
bolus. Results from 18 dogs showed that, under normal conditions, the lungs are a superb filter for 
bubbles and that any cutoff diameter is less than 22 um. However, bubbles escaped entrapment when 
the lungs were severely overloaded with gas (20 ml) or were pretreated with a pulmonary vasodilator 
(aminophylline). Physiologic parameters showed dramatic changes when bubbles escaped into the 
arterial system, in comparison with their effect when retained within the lungs. (Butler BD, Hills BA: 
The lung as a filter for microbubbles. J] Appl Physiol 47:537—543, 1979) 
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A Possible Hazard with 
Use of the Ohio Ethrane 
Vaporizer 


Levon Capan, MD,* Sivam Ramanathan, 
MD,* Jack Chalon, MD,+ 

John Barry O’Meara, MD,* and 

Herman Turndorf, MD: 


Air-tightness of the anesthesia circuit is essential 
for proper patient ventilation. Anesthesiologists guard 
against accidental component disconnections by con- 
tinuously monitoring breath sounds and chest excur- 
sions, and by measuring tidal volume and airway 
pressures. We recently encountered a circuit interrup- 
tion that can lead to arterial hypoxia without produc- 
ing gas leaks detectable by the usual clinical tests. 

A patient was anesthetized using a Drager anesthe- 
sia machine (North American Drager, Telford, PA) 
fitted with a built-in Drager respirator. An Ohio 
Ethrane vaporizer (outside the circuit), which had 
been installed permanently on a cabinet-top post, was 
used to deliver enflurane in a carrier gas mixture of 
N2O 2 L/min and oxygen 1 L/min. Inspired oxygen 
concentration was continuously measured on an In- 
strumentation Laboratories Analyzer (Lexington, 
MA). Tidal volume and airway pressure were moni- 
tored by appropriate on-line instruments on the ex- 
piratory limb of the circuit. An esophageal stetho- 


* Assistant Professor. 

T Professor. 

i Professor and Chairman. 

Received from the Department of Anesthesiology, New York 
University Medical Center, 560 First Avenue, New York, New York 
10016. Accepted for publication August 21, 1979. 

Reprint requests to Dr. Ramanathan, Department of Anesthe- 
siology H-623. 





CLINICAL 
reports 


scope was used to monitor breathsounds. Respiration 
was mechanically controlled by the Drager respirator 
using a tical volume of 600 ml at a rate of 12 breaths/ 
min at a peak airway pressure of 20 cm H:O. During 
the course of surgery, the sleeve-ended rubber gas 
delivery tube was noticed to be disconnected from 
the metal connector at the vaporizer inlet. There was 
no detectzble gas leak in the circuit and chest expan- 
sion and esophageal breath sounds remained un- 
changed. The tidal volume and peak airway pressure 
showed cecreases of only 50 ml and 3 cm H2O, 
respectively, and the respirator bellows appeared to 
be functioning normally. The Fro, had dropped to 
0.24. 

The Onio Ethrane vaporizer has a unidirectional 
check-valve at its outlet to minimize pressure changes 
in the vaporizer during intermittent positive pressure 
ventilation.” ” When discontinuity occurred, inspira- 
tory pressure closed this valve thereby maintaining 
gas-tightness of the circuit. The resulting effect is 
similar tc closed system ventilation without adding 
fresh gases. DEM | 

Methods 

A dog was anesthesized using the same anesthesia 
system, respirator, and vaporizer (Fig 1). The trachea 
was intubated with a cuffed tube. Mechanical venti- 
lation was started at a rate of 12/min and a tidal 
volume cf 450 ml, using a fresh gas inflow of 2 L of 
N3$O and 1 L of oxygen per minute. Inspired humid- 
ity" oxygen (Instrumentation Laboratories), and en- 
flurane concentration‘ (calibrated Narkotest analyzer) 
were measured continuously. Airway pressure was 
recorded on a polygraph. The oxygen analyzer alarm 
was set to respond to an Fro, of 0.2. Breath sounds 
were continuously monitored by an esophageal steth- 
oscope. After a 30-minute stabilization period, control 
values fcr Fio,, Fri,o, Flenflurane, arterial pH, Pco,, and 
Po, were obtained. The sleeve-ended rubber gas de- 
livery tube was then detached from the vaporizer inlet 
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Fig 1. Anesthesia circuit used in the study. FM, Flow meter; 
ENF, enflurane; CV, chack valve; NKT, Narkotest analyzer; IDV, 
inspiratory dome valve; OA, oxygen analyzer sensor; HS, hu- 
midity sensor; IT, inspiratory temperature; EDV, expiratory dome 
valve; PG, pressure gauge. 


and measurements were repeated at 5-minute inter- 
vals for 15 minutes. A U-tube water manometer was 
connected to the vaporizer inlet to note pressure 
changes during two respiratory cycles. This was dis- 
connected after the measurements, allowing the va- 
porizer inlet to be open to room air during most of 


the experiment. This procedure was repeated five 
times and results were expressed as means + standard 
deviation of all measurements. At the end of each 
experiment, the fresh gas inflow tubing was reat- 
tached to the vaporizer inlet and the system allowed 
to stabilize for 10 minutes. The vaporizer outflow 
tube was then detached and changes in tidal volume 
and airway pressure noted. 


Results 


Immediately after disconnection, tidal volume de- 
creased to 400 ml and remained at this value for the 
rest of the experiment. Peak airway pressure (Fig 2, 
point A) and plateau pressure (Fig 2, point B) de- 
creased 2.8 torr and then remained constant. Baseline 
airway pressure (Fig 2, point C) fell to —2 torr and the 
negative deflection (CD) produced by the fall of the 
respirator bellows decreased from —1.5 torr to —2.5 
torr. However, the net pressure change during inspi- 
ration (segment CÀ) and expiration (segment BD) did 
not change. Fro, and Pao, fell from the control values 
of 0.34 and 150 torr to 0.125 and 45 torr, respectively 
(Fig 3). The oxygen analyzer alarm sounded at 6.7 
minutes. Arterial Pco, and pH did not change signif- 
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FiG 3. Fio, and Pao, changes after vaporizer inflow disconnec- 
tion. Results are means of five observations. 


TABLE 


Flentiurane and Fiy,90 Levels before and after Disconnection of 
Vaporizer Inflow * 


Time in minutes 


Description 
0 5 10 15 
Flentlurarie 0.01 1 0.007 0.005 0.004 
Flu,o 0.01 0.021 0.023 0.026 





* Results are means of five experiments. For all Flensurane 
values SD = +0.009; for all Fino values SD = +0.002. 


icantly. Frenturane decreased and Fin,o increased (Ta- 
ble). We were unable to detect any change in the 
quality of the esophageal breathsounds. The U-tube 
manometer registered a negative pressure 1 cm H2O 
at the vaporizer inlet. When the vaporizer outflow 
tube was detached, the tidal volume fell to 200 ml and 
peak airway pressure dropped to 1 torr immediately. 


Discussion 


The check-valve placed at the outlet of the Ohio 
enflurane vaporizer minimizes the “pumping effect” 
of the intermittent positive pressure respiration on 
the anesthetic concentration delivered by the vapor- 
izer."? This valve prevents circuit leaks from up- 
stream disconnects. Resultant airway pressure and 


tidal volume decreases are small and therefore liable 
to be overlooked. Component separation at the outlet, 
of course, leads to immediately observable changes in 
these parameters. We have investigated vaporizers 
without caeck-valves (Fluotec and the Drager 
"Vapor vaporizer") during clinical anesthesia and 
found that inflow as well as outflow disconnects 
produced conspicuous leaks. 

Continued patient ventilation through a circle ab- 
sorber system after fresh gas flow is interrupted re- 
sults in a rapid fall in Fro, (Fig 3). This is due to both 
oxygen consumption by the patient and dilution of 
oxygen by body nitrogen and by water vapor derived 
from neutralization of CO; by soda lime. Pao, falls 
rapidly without significant change in Paco, or pH. In 
our animal model both Fro, and Pao, fell exponentially 
to dangerously low levels within 10 minutes. An 
oxygen analyzer placed in the inspiratory limb will 
immediately detect a hypoxic gas mixture. 

Oxygen removal at a constant rate without replace- 
ment will lead to progressive reduction in the volume 
of a respirator bellows which is inflated only by 
patient's exhalations and by fresh gas flow during the 
postexpira-ory pause (Airshields Ventimeter ventila- 
tor). The contracted bellows may draw the anesthe- 
siologist's attention to the mishap. On the other hand, 
no noticeable change occurs in the size or position of 
the bellows after inflow interruption if the respirator 
bellows returns to its preinspiratory position either 
by gravity (the Ohio and Drager respirators) or by 
mechanicel devices (pulley-wire assisted bellows of 
the Benne: respirator). 

The negative deflection (CD) below the baseline 
(C) in Fig 2 is due to a slight negative pressure in the 
circuit produced by the rapid descent of the respirator 
bellows during expiration. When the fresh gas inflow 
ceases, the volume of gas in the circuit decreases. A 
given positive pressure change therefore produces 
less bellows compression and, a negative pressure 
change a slight increase in negative pressure. This 
phenomenon probably explains the minor decreases 
in peak and plateau airway pressures as well as in 
subatmos»heric baseline pressure, together with a 
greater negative deflection (CD) after inflow interrup- 
tion. 

Although the circuit pressure reaches —5 torr dur- 
ing expiration, only a part of the negative pressure 
could be demonstrated at the disconnect site. This 
may be cue to insufficient pressure gradient across 
the check valve, which opens only partly. The limited 
communication with the atmosphere during expira- 
tion probably prevents a progressive fall in the base- 
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line pressure of a circuit from which oxygen is re- 
moved continuously. The subatmospheric pressure at 
the vaporizer inlet probably draws a small volume of 
room air into the system. The volume of air entrained 
apparently is minimal because of the small magnitude 
of the aspirating pressure and does not appear to be 
adequate to avert hypoxia. 

In summary, a possible hazard associated with the 
use of a vaporizer with an outlet check valve is 
presented. Component separation occurring at the 
machine side of the vaporizer will produce only minor 
changes in airway pressure and tidal volume. This 
accident may escape notice, especially when a res- 
pirator with bellows, which does not depend on ex- 
pired gas for reinflation, is in use. An oxygen analyzer 
and an electronic circuit pressure monitor with suffi- 
cient sensitivity to detect small pressure changes will 


draw the anesthesiologist’s attention to the hypoxia 
which would otherwise escape immediate notice. 
Measures that will prevent the occurrence of this 
mishap include: (1) mounting the vaporizer on the 
trolley bar of the anesthesia machine, and (2) elimi- 
nation of a rubber-metal junction at the inlet and 
outlet of this vaporizer. 
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Adverse Hemodynamic Effects of Plasma Protein Fraction 


Paradoxical hypotension during rapid infusion of plasma protein fraction (PPF) has been attributed 
to vasodilation >y bradykinin in PPF. This study employed a canine, controlled right heart bypass 
preparation to assess changes in systemic vascular resistance and venous capacitance during infusion 
of PPF and other possibly vasoactive mediators. Plasma protein fraction caused consistent vasodilation, 
whereas purified human albumin did not. This vasodilation could be ascribed entirely to acetate, 
present in PPF as a buffer. Infusion of acetate alone in the concentration present in commercial PPF 
solutions (16.8 meq/L) resulted in a decrease in systemic vascular resistance virtually identical with 
that observed with infusion of commercial PPF solutions which also contained bradykinin. Acetate is 
used widely as a buffer in intravenous and dialysate solutions. Its vasoactive properties must be 
recognized when such solutions are administered to patients with limited capacity to compensate for 
sudden vasodilation. (Olinger GH, Werner PH, Bonchek LI, et al: Vasodilator effects of the sodium 
acetate in pooled protein fraction. Ann Surg 190:305-311, 1979) 
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Persistent 
Electromechanical Cardiac 
Arrest following 
Administration of 
Cardioplegic and 
Glucose-Insulin- 
Potassium Solutions 


Ercument A. Kopman, MD,* and 
Rebecca C. Ramirez-Inawat, MDT 


Use of a solution containing glucose, insulin, and 
potassium (GIK), together with a cold cardioplegic 
solution, to protect the myocardium during aortic 
cross-clamping has been employed in open heart 
surgery. It has, however, been reported as being 
associated with hyperkalemia and difficulty in restor- 
ing contractility at the conclusion of cardiopulmonary 
bypass.” 

We report a prolonged electromechanical cardiac 
arrest secondary to cold cardioplegia and administra- 
tion of a GIK solution. 


Case Report 


A 65-year-old man weighing 65 kg was admitted to the 
hospital because of increasing shortness of breath, retro- 
sternal discomfort, and irregular cardiac rhythm. Cardiac 
catheterization revealed mitral stenosis with good left ven- 
tricular function and a normal coronary arterial system. He 
was receiving maintenance doses of digitalis and guinidine 
because of atrial fibrillation. He was brought to surgery for 
mitral valve replacement. 

Premedication consisted of morphine sulfate, 10 mg, and 
scopolamine, 0.4 mg, intramuscularly 1 hour before induc- 
tion of anesthesia. An arterial cannula, an intravenous line, 
and a Swan-Ganz catheter were placed to measure hemo- 
dynamic variables and for administration of blood and 
fluids. Before induction of anesthesia, serum electrolyte and 
blood glucose levels, as well as arterial gas tensions were 
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normal, and arterial pressure was 100/60 torr, pulmonary 
artery pressure 19 torr, and pulmonary arterial wedge pres- 
sure 16 torr. Heart rate ranged between 60-75 beats/min 
because of the atrial fibrillation. Anesthesia was induced 
with sodium thiopental, 75 mg, and diazepam, 10 mg, and 
was then maintained with N;3O-O»s, 50:50, and morphine, 
1.5 mg/kg. Tracheal intubation was facilitated with pancu- 
ronium, 10 mg. 

All hemodynamic variables remained stable until cardi- 
opulmonary bypass was begun. Priming solutions consisted 


-of 2,000 ml of lactated Ringer’s solution and a GIK solution 


consisting of 80 meg of KC], 60 units of insulin, and 100 
gm of dextrose. 

After initiation of cardiopulmonary bypass, body tem- 
perature was lowered to 30 C. The pericardial cavity was 
irrigated with 4C lactated Ringer’s solution for topical 
cooling during aortic cross-clamping. The ascending aorta 
then was cross-clamped and 250 ml of cold cardioplegic 
solution containing 10 meg of KCI (40 meg/L) was infused 
under pressure into the aortic root. Myocardial temperature 
was not measured during the procedure. Electromechanicai 
arrest occurred within 50 seconds and the EKG became 
isoelectric reflecting zero transmembrane potential. Arterial 
perfusion pressure was maintained above 80 torr. During 
the first 5 minutes after cardiopulmonary bypass, metara- 
minol, 1 mg, was administered to raise the perfusion pres- 
sure above 60 torr. Sodium nitroprusside was administered 
to lower the perfusion pressure during the last 10 minutes 
of cardiopulmonary bypass. 

The mitral valve was replaced during a total aortic cross- . 
clamping time of 30 minutes. The aorta was then unclamped 
and coronary perfusion reestablished. Within 15 minutes 
core body temperature had reached 37 C. During this 45- 
minute period, 150 ml of urine were obtained. Despite 
rewarming, neither electrical nor mechanical activity re- 
turned to the heart. Several attempts to pace electrically the 
left ventricle and the left atrium were unsuccessful. Blood 
gas tensions were normal. Blood chemistries, however, re- 
vealed serum potassium to be 8.5 meq and blood glucose 
300 mg/100 ml. Mannitol, 12.5 gm, and furosemide, 60 mg, 
were given to promote urine flow and potassium excretion. 
In the hour following the administration of the diuretics, 
1,800 ml of urine were excreted. Serum potassium decreased 
to 3.8 meq. At this time ECG returned to normal. Because 
of difficulty in terminating cardiopulmonary bypass, an 
aortic balloon pump was inserted. The endotracheal tube 
and the aortic balloon pump were removed the next morn- 
ing. 


Discussion 


Cardioplegic solutions are designed to induce rapid 
cardiac arrest as a means for delaying or reducing 
ischemic damage to the heart during cessation of 
coronary blood flow when open heart surgery re- 
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quires aortic cross-clamping. Although the composi- 
tion of currently used solutions varies, the basic prin- 
ciples underlying their use are similar. These solutions 
are infused into the aorta, proximal to the clamp, for 
a few minutes immediately following aortic cross- 
clamping. In the absence of aortic regurgitation, hy- 
perkalemic cardioplegic solutions pass through the 
coronary arteries where the increased extracellular 
potassium concentration decreases transmembrane 
potassium gradient with the immediate and persistent 
depolarization of myocardial cell membranes. This 
rapid cardiac arrest, with cessation of myocardial 
work, prevents depletion of high energy phosphates 
which are essential for return of normal myocardial 
function following removal of the aortic clamp and 
restoration of coronary blood flow. 

Another potassium-containing infusate that has 
been used along with cold cardioplegia in open heart 
surgery is'the GIK solution. Although the results are 
conflicting,® " GIK solutions have been used clinically 
in an attempt to reduce myocardial infarct size,? lessen 
the frequency of ventricular arrhythmias,’ and limit 
the mortality during myocardial infarction. Accord- 
ingly, GIK solutions have been added to various 
infusates during open heart surgery,.as well as to 
solutions used to prime extracorporeal oxygenator, 
assuming that a similar protection may be provided 
during aortic cross-clamping. 

The amounts of potassium in cold cardioplegic and 
in GIK solutions are variable, changing from one 
instutition to another. The need for potassium in the 
range of 20-40 meq/L in cardioplegic solution has 


been questioned.” Several experimental studies have - 


demonstrated no additive effect of potassium in the 
perfusion solution as long as the solution is cold 
(about 4 C)? | 

Potassium concentrations in cardioplegic solutions 
higher than 40 meq/L may cause hyperkalemia and 
difficulties in reestablishment of normal cardiac func- 
tion at the end of cardiopulmonary bypass.” In our 
patient, the cause of persistent electromechanical car- 
diac arrest secondary to hyperkalemia could have 
been related to inadequate time for either washout of 
potassium from the myocardial cell or shift of potas- 
sium into the cells because of short duration of car- 
diopulmonary bypass. Whether the GIK, or cardi- 
oplegic solutions, or the combination, was responsible 
cannot be determined. 

Our patient probably represents the extreme end 
of a spectrum (between decreased contractility and 
electromechanical cardiac arrest) and reacted much 
more severely than expected for the amount and types 
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of cardioplegic solution or set of solutions. The treat- 
ment of hyperkalemia following cardiopulmonary by- 
pass should consist of (1) continuation of cardiopul- 
monary bypass until electromechanical activity re- 
turns to normal; (2) administration of insulin, 10 units, 
if blood glucose is above 600 mg (in our institution 
we do not treat hyperglycemia below 600 mg because 
of spontaneous decrease of blood glucose level); (3) 
glucose-insulin infusions rapidly reduce the serum 
potassium level by causing potassium to shift into 
cells; thus, we usually administer 1 unit of insulin for 
each 2 gm of glucose given, e.g., 200 to 300 ml of 20% 
glucose and 20 to 30 units of regular insulin may be 
administered intravenously over a 30- to 60-minute 
period; (4) administration of diuretics to promote 
potassium excretion; (5) calcium may antagonize the 
cardiac toxicity of hyperkalemia, particularly when 
hypocalcemia is present; calcium gluconate, 5 to 10 
ml of a 10% solution, may thus prove useful when 
injected over a 2- to 5-minute period; and, (6) sodium 
bicarbonate causes rapid movement into cells; 45 meq 
may be injected intravenously over a 3-minute period 
and repeated after 10 to 15 minutes if ECG abnor- 
malities persist. 

Although administration of insulin, diuretics, cal- 
cium, and/or bicarbonate may be effective in reducing 
high serum potassium levels, we prefer to give man- 
nitol, 12.5 gm, and furosemide, 60 mg, assuming that 
mannitol might also increase contractility by reducing 
tissue swelling caused by transient hypoxic cardiac 
arrest.” In our patient 1,800 ml of urine were excreted 
in 1 hour with concomitant reduction of serum potas- 
sium and restoration of normal ECG. The amount of 
potassium in the urine was not determined. 

Difficulty in coming off bypass is not an uncom- 
mon event. Common causes include (1) prolonged 
cross-clamp time in the presence of inadequate my- 
ocardial protection (pharmacologic); (2) inadequate 
cooling during bypass; (3) increased coronary vascular 
resistance due to cell swelling; (4) prolonged bypass 
time; (5) previously inadequate myocardial contractil- 
ity. In our patient, electromechanical cardiac arrest 
can probably be explained by the high serum potas- 
sium level. The poor contractility necessitating me- 
chanical assistance, on the other hand, was probably 
related to one of the other factors mentioned above. 

Although potassium may play an active role as a 
metabolic inhibitor, it may not be essential in patients 
in whom aortic cross-clamping lasts less than 45 
minutes. It has been suggested that a significant factor 
in providing myocardial protection is the ability to 
produce and maintain a cold myocardium during 
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cross-clamping, rather than the composition of the 
protective solutions.” The uniqueness of our patient 
was the short duration of cardiopulmonary bypass, 
one large dose of GIK, and use of cardioplegic solu- 
tions. We now use 40 meq in GIK solutions and 20 
meg/L in cardioplegic solutions. This case suggests 
that for short procedures requiring short arrest time 
(mitral or aortic valve replacement, single coronary 
bypass) avoidance of high potassium concentrations 
in GIK and cardioplegic solutions may prevent this 
problem. 
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Spinal Subdural 
Hematoma Associated 
with Attempted Epidural 
Anesthesia and 
Subsequent Continuous 
Spinal Anesthesia 


Fred S. Greensite, MD,* and 
Jordan Katz, MD} 


Spinal subdural hematoma with resulting cauda 
equina syndrome has not been previously reported in 
association with regional anesthesia in patients with- 
out coagulopathies or spinal tumors. We report such 
an event following attempted epidural anesthesia and 
subsequent continuous spinal anesthesia. 


Case Report 


A 68-year-old white man was admitted for right total 
knee replacement. Past medical history was remarkable 
only for degenerative joint disease. He had been taking 
aspirin and other anti-inflammatory drugs until a left total 
knee replacement was performed 5 months prior to admis- 
sion after which his only medication was acetaminophen, 
650 mg three times daily. Review of systems and physical 
examination were noncontributory. Preoperative white 
blood count was 5,300 with a normal differential. From 
examination of a blood smear platelet numbers were de- 
scribed as adequate by the laboratory. Prothrombin time 
was 11.2 seconds (normal 11.3 seconds) and partial throm- 
boplastin time 30.5 seconds (normal 30.5 seconds). An Ivy 
bleeding time done at the time of his prior knee surgery 
was 4 minutes 13 seconds (normal 2 to 10 minutes). 

A continuous epidural anesthetic was planned. On arrival 
in the operating room the patient was placed in the right 
lateral decubitis position. A 16-gauge Tuohy needle was 
advanced in the L2-3 interspace using a loss of resistance 
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technique. Dark gross blood was noted to drip from the 
needle which was immediately removed and reinserted into 
the L3-4 interspace. Loss of resistance was not encountered 
until: the dura was punctured with free return of clear 
cerebrospinal fluid. A 20-gauge Portex epidural catheter 
was advanced with ease cephalad 2 cm into the subarach- 
noid space. There were no paresthesias nor any unusual 
pain at any time during the procedure. Administration of a 
continuous spinal anesthetic proceeded uneventfully using 
1% tetracaine in 10% dextrose in water. Reinjection was 
required once during surgery; aspiration of spinal fluid 
through the catheter was not attempted prior to reinjection. 
The catheter was removed intact and without difficulty at 
the end of the operation. The patient regained motion in 
his legs and was returned to his ward after 2 hours in the 
recovery room. Postoperative medications included aspirin, 
650 mg twice daily; the first dose was administered 4 hours 
postoperatively. 

Twenty-four hours postoperatively the patient was with- 
out complaints, moving his legs and voiding without diffi- 
culty. Approximately 36 hours postoperatively the onset of 
urinary incontinence and sacral paresthesias occurred which 
progressed over the next 12 hours to paraplegia. An emer- 
gency myelogram was performed. Attempted dural punc- 
ture at L3-4 yielded gross blood and the study was accom- 
plished using a cervical approach. It demonstrated extra- 
medullary block at the level of L1, with a presumptive 
diagnosis of epidural hematoma. At laminectomy no extra- 
dural hematoma was seen but incision of the dura revealed 
a large amount of blood in the subdural space with clot 
extending from L2 to T12. Oozing blood was noted but no 
specific bleeding point identified. Apart from unusually 
large epidural veins noted by the neurosurgeon there were 
no vascular abnormalities or tumors. The clot was evacu- 
ated. Postoperatively prothrombin and partial thromboplas- 
tin times as well as platelet counts on peripheral smears 
were within normal limits. 

Five months after laminectomy the patient remained 
paraplegic. 


Discussion 


Large series such as those of Dripps and Vandam! 
and of Phillips et al^ have established the rarity of 
central nervous system sequellae following subarach- 
noid anesthesia. The incidence appears to be less than 
1:10,000 using modern techniques and precautions. In 
the above-combined series of approximately 20,000 
spinal anesthetics there were no cases of cauda equina 
syndrome or arachnoiditis despite an incidence of 3% 
bloody taps in the series of Phillips et al. Continuous 
spinal anesthesia constitutes a small percentage of 
subarachnoid anesthesia although it has been recom- 
mended as the anesthetic of choice in seriously ill 
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patients for lower abdominal or leg operations." In a 
series of 600 continuous spinal anesthetics Brown‘ 
reported no permanent neurologic sequellae. Perma- 
nent neurologic deficits following epidural anesthesia 
have an incidence of approximately 1:11,000.° 

Occasional reports of epidural hematoma following 
epidural or spinal anesthesia primarily in patients 
receiving anticoagulation therapy? have caused these 
forms of anesthesia to be considered contraindicated 
in the presence of clotting abnormalities. 

In contrast to epidural hematoma, spinal subdural 
hematoma is extraordinarily unusual. There are about 
20 case reports in the world literature, mostly follow- 
ing minor trauma or in patients with clotting ab- 
normalities undergoing diagnostic lumbar punc- 
ture.” ^* We have found only three instances associ- 
ated with spinal or epidural anesthesia. In one case 
the patient had a blood dyscrasia.? In another case a 
vascular tumor and spinal bifida in the lumbar spinal 
canal were present? The third patient had onset of 
neurologic symptoms 18 months after anesthesia 
making a relationship between lumbar puncture and 
subdural hematoma questionable.!? 

Unlike epidural bleeding the source of spinal sub- 
dural bleeding is unclear. Edelson et al’ considered 
the possible sources of spinal subdural bleeding in 
patients with thrombocytopenia. They note that blood 
vessels are not apparent on inspection of the spinal 
subdural surfaces and that bridging subdural veins 
present over the brain are not observed in the spinal 
cord. At the level of the cauda equina the only vessels 
that are 1 mm or larger in diameter are the artery and 
vein of Adamkiewicz which run longitudinally and lie 
laterally in the subdural space. 

Evidence that the postoperative aspirin might have 
been a contributory factor in the hematoma formation 
is suggestive but circumstantial. Aspirin decreases 
platelet adhesiveness through inhibition of release of 
platelet adenine diphosphate,! a defect which lasts 
for the lifetime of the exposed platelet. It has been 
shown that preoperative aspirin therapy can be asso- 
ciated with markedly excessive blood loss in the 
perioperative period” and there have been admonish- 
ments against preoperative use of aspirin for this 
reason.'* * Sahud and Cohen showed that mean Ivy 
bleeding time in normal patients increased by an 
average of 5096 2 hours after a single oral dose of 600 
mg of aspirin. 


Using a technique to quantitate the amount of 
bleeding during bleeding time assessments, Sutor et 
al’® showed that within 70 minutes of ingesting 650 
mg of aspirin 7596 of normal subjects lost at least 4 
times more blood than they did prior to ingestion of 
aspirin. Finally, Locke et al’’ have reported a case of 
spontaneous acute spinal epidural hematoma unas- 
sociated with trauma, conventional anticoagulant 
therapy, coagulopathy, or vascular abnormalities; 
they ascribe this case to the ingestion of two doses of 
“two tablets of aspirin." 

The cause for the subdural hematoma in this patient 
is unclear. It is possible that aspirin therapy in the 
immediate postoperative period was instrumental in 
either formation or expansion of the hematoma. 
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Intra-aortic Balloon 
Counterpulsation for 
Right Heart Failure 


Ercument A. Kopman, MD,* and 
Rebecca C. Ramirez-Inawat, MDT 


Intra-aortic balloon counterpulsation (IBC) has 
been used for several years for the treatment of left 
ventricular failure after myocardial infarction and in 
open heart surgery"? when mechanical support for 
the cardiovascular system is needed. The beneficial 
effect of IBC is believed to be due to improvement of 
left ventricular performance, since it decreases left 
ventricular afterload and preload and, consequently, 
left ventricular myocardial oxygen consumption? * 
while increasing coronary artery blood flow. 

We report the use of IBC in a patient who devel- 
oped right ventricular failure, as reflected by a high 
central venous pressure (CVP), following cardiopul- 
monary bypass, with significant improvement of right 
ventricular performance. 


Case Report 


A 62-year-old man was hospitalized because of chest 
pain relieved by nitroglycerin. Coronary cineangiography 
revealed 90% stenosis in the proximal left anterior descend- 
ing coronary artery and 8096 stenosis of the right coronary. 
Hemodynamic studies and cineangiography showed normal 
right ventricular function with a moderately elevated left 
ventricular end-diastolic pressure (12 mm Hg). Laboratory 
data, including blood counts, hemoglobin, electrolytes, 
ECG, and serum enzymes, were normal. He was scheduled 
for a double coronary »ypass graft. Premedication consisted 
of morphine, 10 mg, and scopolamine, 0.5 mg. Prior to 
induction of anesthesia, the right radial artery was cannu- 
lated for blood sampling and monitoring of blood pressure 
and a #7 French balloon-tipped triple-lumen catheter was 
introduced via the internal jugular vein into the pulmonary 
artery for hemodynamic measurements. 

Anesthesia was induced with thiopental, 100 mg, and 
then maintained with NoO-O», 50:50, pancuronium, 0.1 
mg/kg, and morphine. 1.5 mg/kg. 


* Associate Professor. 

1 Fellow in Anesthesiology. 

Received from the Department of Anesthesiology, Washington 
University School of Mecicine, 660 South Euclid Avenue, St. Louis, 
Missouri 63110. Accepted for publication September 10, 1979. 

Reprint requests to Dr. Kopman. 


ANESTHESIA AND ANALGESIA 
14 Vol 59, No 1, January 1980 


Hemodynamic measurements before cardiopulmonary 
bypass were: blood pressure 130/70 torr; mean CVP 3 torr; 
mean pulmonary arterial pressure 19 torr; and mean pul- 
monary capillary wedge pressure (PCWP) 8 torr. 

The anesthetic course was uneventful, and vital signs 
were stable until cardiopulmonary bypass was begun. After 
cross-clamping of the aorta a cardioplegic solution was 
injected into the aortic root and double coronary bypass 
grafts were performed under moderate hypothermia (28 C). 


‘During the aortic cross-clamping, the pericardial cavity was 


irrigated with cold lactated Ringers solution (4 C) and per- 
fusion pressure was kept between 70 to 90 torr. After 
rewarming to 37 C, several attempts were made to discon- 
tinue cardiopulmonary bypass. They were unsuccessful as 
evidenced by high CVP (20 torr), low PCWP (6 torr), and 
low systolic and diastolic arterial pressures (75/40 torr). 
Despite inotropic support, there was no improvement in 
right ventricular function as reflected by a continuing high 
CVP. At this time, blood gas tensions, serum electrolytes, 
and ECG were normal. 

In order to increase diastolic pressure, an intraaortic 
balloon pump was inserted. Within 10 minutes after inser- 
tion of the balloon, CVP decreased to 10 torr and there was 
a satisfactory augmentation of aortic diastolic pressure. 
Cardiopulmonary bypass could then be discontinued. To 
test the effect of the counterpulsation on right ventricular 
performance, and to eliminate the possibility of a sponta- 
neous improvement, the balloon pump was temporarily 
turned on and off three times. Each time it was off, CVP 
rose gradually with a concomitant decline in systemic arte- 
rial pressure (Figure). 

The patient was ventilated overnight and the ventilator 
and balloon pump discontinued the next morning. Subse- 
quent progress was satisfactory. 


Discussion 


Mechanical circulatory support by ICB provides at 
least temporary hemodynamic improvement in pa- 
tients with cardiogenic shock complicating acute my- 
ocardial infarction. Its value is based on the principle 
of reducing myocardial oxygen demand** and in- 
creasing coronary blood flow," while decreasing af- 
terload and preload, thus providing support of both 
the coronary and systemic circulations. Another ap- 
plication of the IBC is provision of temporary me- 
chanical assistance at the termination of cardiopul- 
monary bypass."?^ Occasionally, discontinuation of 
extracorporeal circulation is impossible because of 
inadequate left ventricular performance. The occur- 
rence of right ventricular failure, however, in patients 
without chronic pulmonary hypertension is rare. 

In our patient, the mechanism responsible for the 
isolated right ventricular failure is not clear. It is 
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Figure. Hemodynamic changes with and without intra-aortic 
balloon counterpulsation. CVP, Central venous pressure; PCWP, 
pulmonary capillary wedge pressure. 


possible that, because of the differences in resistance 
in the individual coronary arterial systems, the car- 
dioplegic solution bypassed an ischemic zone of the 
myocardium. Thus, a portion of the right ventricle 
could have remained unprotected during aortic cross- 
clamping. 

Also, because of the anatomic location of the right 
ventricle, topical cooling might have been inadequate. 

Although myocardial oxygen consumption is min- 
imal during aortic cross-clamping, high energy phos- 
phate might have been depleted in poorly protected 
areas of the myocardium, resulting in impaired con- 
tractility. As a result of this temporary dysfunction, 
cessation of cardiopulmonary bypass can be difficult 
or impossible, necessitating inotropic and/or mechan- 
ical assistance. 

The hemodynamic consequences of right ventric- 
ular failure include an increased end-diastolic pres- 
sure.in the right ventricle or an increased CVP with 
low or normal left ventricular end-diastolic pressure 
and PCWP. The adverse hemodynamic effects of high 
end-diastolic pressure and volume are 2-fold: (1) in- 
creased oxygen demand because of the LaPlace rela- 
tionship; and (2) reduction in coronary blood flow to 
the endocardium because of decrease in the endoep- 
icardial (transmural) pressure gradient. 

Under these circumstances, since little blood is 
being pumped to the left side of the heart because of 
the right ventricular failure at the time of coming off 
bypass, left ventricular output is impaired, although 
the left side of the heart itself is not in failure (as 


evidenced in our patient by a normal PCWP). The 
beneficial effect of counterpulsation in right ventric- 
ular failure is probably due to increased coronary 
perfusion pressure and, consequently, an increase in 
blood flow through poorly contracting areas of the 
right ventricle. Once right ventricular perfusion is 
improved, contractile power should be restored and 
the end-diastolic pressure should diminish. Decrease 
in end-diastolic pressure would increase the trans- 
mural pressure gradient with further improvement in 
contractility.® °t 

Conflicting results have been reported concerning 
the alteration of coronary perfusion during counter- 
pulsation. 5ome investigators!" have failed to dem- 
onstrate conclusively that the favorable effects of 
balloon pumping can be attributed to an increase in 
collateral coronary flow. However, augmentation of 
regional coronary blood flow by counterpulsation 
(documented with the use of radionuclide-labeled 
microspheres) has been reported.’ It has been sug- 
gested that counterpulsation can effectively augment 
regional blood flow and help in reperfusion of the 
regional myocardium,’ with a concomitant improve- 
ment in cardiac function." 

Nevertheless, deterioration of the right ventricular 
performance when counterpulsation was stopped 
strongly suggests that redistribution of regional cor- 
onary flow was improved during balloon pumping in 
our patien-. This report suggests another use for intra- 
aortic couaterpulsation, namely, in right ventricular 
failure following cardiopulmonary bypass. 
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Acute Pulmonary Complications of Molar Pregnancy 


Twelve of 128 patients (10.7%) receiving primary treatment for molar pregnancy after uterine 
evacuation developed self-limited, acute pulmonary complications characterized by tachycardia, 
tachypnea, and hypoxemia. The respiratory syndrome occurred primarily in patients with uteruses 
large for dates and greater in size than 16 weeks gestation. Multiple contributing factors were 
identified; these include trophoblastic deportation, hyperthyroidism, fluid overload, dilution anemia, 
and preeclampsia. Although the final outcome of the respiratory syndrome was uniformly benign in 
this group, deaths have been reported. Supportive measures plus correction of contributing factors 
are suggested as the rationale for theory. (Twiggs LB, Morrow CP, Schlaerth JB: Acute pulmonary 
complications of molar pregnancy. Am J Obstet Gynecol 135:189- 194, 1979) 
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Severe Circulatory Shock 
following Protamine (An 
Anaphylactic Reaction) 


S. S. Moorthy, MD,* William Pond, MD,t 
and Randall G. Rowland, MD¢ 


Administration of protamine intravenously to neu- 
tralize the anticoagulant effects of heparin may be 
associated with hypotension, particularly when the 
rate of infusion is rapid. We recently observed pro- 
found hypotension accompanied by tachycardia and 
generalized skin erythema following the slow intra- 
venous administration of 20 mg of protamine sulfate 
to a diabetic patient on protamine zinc insulin. The 
abrupt onset and the resistance of hypotension to 
therapy suggested an anaphylactic response to prot- 
amine. 


Case Report 


A 26-year-old, 50 kg, woman with a 7-year history of 
multiple sclerosis and insulin-dependent diabetes for 5 
years was admitted for removal of right renal calculi. Her 
diabetes was controlled with 25 units of protamine zinc 
insulin daily. The patient had no allergies. The physical 
examination was unremarkable except for flexor contrac- 
tures of both lower extremities secondary to multiple scle- 
rosis. Hemoglobin and serum electrolyte and creatinine 
levels were normal. Preanesthetic medication consisted of 
intramuscular morphine, 6 mg, glycopyrrolate, 0.2 mg, and 
10 units of protamine zinc insulin on the morning of sur- 
gery. 

Anesthesia was induced with 250 mg of thiamylal. After 
5 mg of pancuronium, the trachea was intubated and the 
patient placed in the right lateral flank position. Anesthesia 
was maintained with fentanyl, nitrous oxide, and oxygen; 
pancuronium was used for muscle relaxation. Before clamp- 
ing the renal vessels for nephrolithotomy, heparin, 5,000 
units, was administered intravenously. After removal of the 
renal calculi and placement of a nephrostomy tube, the 
kidney was closed. At this time estimated blood loss was 
500 ml and the fluids administered included 1,000 ml of 
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whole blood. 1,500 ml of balanced salt solution, and 500 ml 
of reconstitu:ed plasma. Because of persistent bleeding from 
the nephrostomy tube, 20 mg of protamine was given 
intravenously over a 5-minute period. At the completion of 
protamine infusion the systolic blood pressure decreased 
from 100 to 40 torr and the heart rate increased from 50 to 
140 beats/min. In addition generalized skin erythema was 
present. The kidney rest was lowered and the patient was 
placed in a 10 to 15? head-down position, controlled ven- 
tilation was continued, and oxygen was substituted for 
nitrous oxide. Pharmacologic measures to raise the blood 
pressure included 6 mg of phenylephrine (repeated doses 
of 1 mg), 1.5 mg of epinephrine (0.5 mg each dose), and 200 
mg of hyd-ocortisone. Diphenhydramine hydrochloride 
(Benadryl), 50 mg, was also administered intravenously. An 
infusion of norepinephrine was given. Entertaining the pos- 
sibility of a septic shock, 1 g of methylprednisolone was 
given intravenously. Plasmanate, 1,000 mi, was adminis- 
tered over a 20-minute period. Arterial blood gas tensions, 
pH, and glucose levels during the period of hypotension 
were Pao, 71 torr, Paco, 51 torr, pH 7.39, and 166 mg/100 
ml, respectively. Systolic blood pressure gradually increased 
to 60 torr over a 20-minute period. Blood pressure continued 
to increase "without further pharmacologic support and the 
heart rate gradually decreased to normal levels (Figure). The 
remainder of the operative and postoperative course were 
uneventful with the patient's diabetes controlled with lente 
insulin. 

Serum IgE levels measured 1 month postoperatively were 
337 units/ml (normal 10 to 168 units/ml). 


Discussion 


This patient manifested profound and resistant hy- 
potension plus tachycardia and a generalized erythe- 
matous rash following the slow administration of a 
small dose of protamine. The characteristics of this 
response suggest an anaphylactic reaction. We spec- 
ulate that this patient was sensitized to protamine ' 
secondary to treatment of diabetes mellitus with prot- 
amine zinc insulin. The protamine content in 25 units 
of protamine zinc insulin is about 0.7 mg. The admin- 
istration of 20 mg intravenously represented a massive 
dose relative to that present in the insulin dose. 

Intravenous administration of large doses of prot- 
amine to reverse heparin has been associated with 
hypotension and bradycardia. Myocardial depres- 
sion! and peripheral vasodilation are alleged to be 
responsible for the hypotensive effect. A minimal 
effective dose and slow injection has been recom- 
mended to mitigate the hypotensive effect. Slow in- 
jection of protamine associated with profound hypo- 
tension and tachycardia and skin erythema as ob- 
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FIGURE. Systolic blood pressure and pulse rate changes follow- 
ing protamine, 20 mg IV. Note the absence of response to 
continuous administration of vasopressors—phenylephrine (1 
mg six times) and epinephrine (0.5 mg three times) and norepi- 
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served in our patient do not fit into the commonly 
described responses to protamine. The combination 
of the hypotensive response plus elevated IgE levels 
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suggests an anaphylactic response to protamine with 
the release of mediator substances such as histamine. 
IgE is the reaginic antibody present in increased 
amounts in individuals with immediate hypersensitiv- 
ity (type I allergy). With an antigen challenge, IgE 
molecules attached to the surface of mast cells react 
with the antigen releasing histamine and other vaso- 
active amines from the mast cells.* * These substances 
produce the symptoms and signs of anaphylaxis. 

We conclude that protamine should be adminis- 
tered cautiously to patients receiving protamine zinc 
insulin. 
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Coma and Abnormal 
Neurologic Signs 
following Premedication 


Stanley I. Samuels, MB, BCh,* and 
Edward Washington, MDT 


A case is reported in which coma and meningismus 
were noted as part of a central anticholinergic syn- 
drome probably caused by scopolamine given pre- 
operatively. This led to extensive diagnostic studies 
and postponement of surgery. Menignismus has not 
previously been reported to be a sign of the central 
anticholinergic syndrome. Hyperreflexia, positive Ba- 
binski sign and coma, previously described as signs 
of the anticholinergic syndrome,’ were observed in 
our patient. When these signs are noted together with 
meningismus, they can lead to a mistaken diagnosis 
of a cerebrovascular accident. 


Case Report 


A 52-year-old, 55 kg, white woman was scheduled for a 
pancreatoduodenectomy for carcinoma of the common bile 
duct. Past medical history was unremarkable except for an 
exploratory laparotomy in another hospital 10 days prior to 
admission. The patient stated that there were no anesthetic 
or surgical complications from this procedure. At that time 
the diagnosis of adenocarcinoma of the common bile duct 
was made and she was referred to Stanford University 
Hospital for definitive surgery. Clinical examination was 
negative and laboratory data showed abnormal liver func- 
tion, specifically lowered serum protein levels, i.e., total 
protein 4.5 g/100 ml (normal 6 to 8), albumin 2.9 g/100 ml 
(normal 3.5 to 5.5). She had no history of drug allergies and 
her only medication was meperidine, 75 mg IM every 2 to 
3 hours for pain. The last dose of meperidine was admin- 
istered 8 hours prior to premedication for surgery. Follow- 
ing this injection the patient was awake, alert, and comfort- 
able. 

Premedication consisted of meperidine, 100 mg, hy- 
droxyzine, 50 mg, and scopolamine, 0.4 mg, intramuscu- 
larly. On arrival in the operating room the patient was 
deeply comatose and unresponsive to verbal commands or 
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to painful stimuli, Respirations were 16 breaths/min and 
regular, puse 100 beats/min, and systolic blood pressure 
120 torr. N2.1rologic examination revealed the pupils to be 
centrally fid and 3 mm dilated; the optic fundi showed 
no abnormalities. Deep tendon reflexes were hyperactive, 
an extensor >lantar response was noted bilaterally (Babinski 
reflex} and there was marked nuchal rigidity. 

The presumptive diagnosis was either a cerebrovascular 
accident or drug-induced coma. It was believed that prior 
to any elaborate medical evaluation, an attempt should be 
made to antagonize or reverse the premedicant drugs. Con- 
sequently, raloxone, 0.8 mg, was administered in divided 
doses whica produced little change in the level of conscious- 
ness. The meningismus and Babinski and increased deep 
tendon ref exes persisted. Physostigmine, 1 mg, was given 
intravenous.y with no effect. It was then decided to proceed 
with a varity of laboratory tests in ar. attempt to discover 
the cause cf coma. These included arterial blood gas, blood 
glucose, arc serum electrolyte determinations. A spinal tap 
was performed for analysis of cerebrospinal fluids pressure 
and cells. Urine was sent for toxicology screen and an 
electroencephalogram was performed. 

The diagnostic tests were all within normal limits. The 
amount ard type of medicants were rechecked with the 
nursing staf-. While awaiting the laboratory results a second 
dose of 1 mg of physostigmine was given. This was given 
approximacely 10 minutes after the initial dose of physo- 
stigmine. The effect was dramatic. The patient awoke and 
became alert and oriented. Deep tendon reflexes and Babin- 
ski resporse returned to normal. Neck rigidity was no 
longer obtainable. Surgery was cancelled, and the patient 
was sent beck to her room. The following day she had an 
exploratory laparotomy which was entirely uneventful. No 
premedicazion was given; the anesthetic agents used in- 
cluded mcrphine sulfate and halothane. The patient was 
awake at tœ end of the procedure. 


Discussion 


Althouzh the symptoms of the central anticholin- 
ergic syndrome are many (Table) rigidity of the mus- 
cles of the neck in the form of meningismus has not 


TABLE 
Symptoms of Central Anticholinergic Syndrome" ? 


Restlessness Auditory hallucinations 


Agitation Delirium 
Confusion Dysarthria 
Combative 128s Vertigo 
“Plucking and Picking” Hyperreflexia 
Uncooperat veness Opisthotcnos 
Hysterical 2ehavior Convulsions 
Memory dis-urbance Stupor 
Visual aberration Coma 


Visual hallucinations Babinski sign? 
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been described. Muscle rigidity is known to occur 
with phenothiazine drugs as an extrapyramidal reac- 
tion. This was not considered in our patient because 
no phenothiazine drugs had been administered. Mus- 
cle rigidity may also occur when opiate drugs are 
administered rapidly.” Pronounced degrees of muscle 
rigidity are noted with nitrous oxide and opiates but 
are reversed immediately upon administration of an 
antagonist to the narcotic.? The increased muscle tone 
that appears after the administration of opiate drugs 
may interfere with the muscles of respiration but has 
not been reported to affect the paravertebral muscles. 
In our patient the synergism of hydroxyzine hydro- 
chloride and meperidine combined with decreased 
liver function and low serum albumin levels may have 
contributed to the profound central nervous system 
depression. In addition, cancer patients who are ha- 
bitually receiving opiate drugs for pain control will 
actually maintain a steady or even decreasing anal- 
gesic requirement.* 

Therefore, the meperidine may have added to the 
comatose state but probably had no effect on muscle 
rigidity. This is verified by the persistance of menin- 
gismus following the administration of 0.8 mg of 
naloxone. It is reascnable to suppose that the cause of 
the meningismus was scopolamine. Signs of an anti- 
cholinergic syndrome were present. The central anti- 
cholinergic syndrome was readily reversed by phy- 
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sostigmine.* The meningismus, along with other signs 
mentioned, was also reversed abruptly after the phy- 
sostigmine, but not after naloxone. 

In summary, we report a case of neck muscle 
rigidity or meningismus that has not previously been 
described as a sign of the central anticholinergic syn- 
drome. Meningismus accompanying other signs of a 
central anticholinergic syndrome including deep ten- 
don reflexes, positive Babinski sign, and coma can be 
mistaken for a cerebrovascular accident. Once rec- 
ognized, the syndrome can be readily reversed by 
physostigmine. 
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Congenital Complete 
Heart Block 


To the Editor: 


In their article anesthetic manage- 
ment of congenital complete heart 
block (CCHB) (Anesth Analg 58:334- 
336, 1979) Drs Diaz and Friesen con- 
clude ... “prophylactic preoperative 
insertion of a transvenous pacemaker 
... is probably not necessary in most 
children with CCHB ... The majority 
of these children can be managed 
with adequate vagolysis and avoid- 
ance of drugs having negative chron- 
otropic effects." They recommend 
that prophylactic preoperative pacing 
should be limited to those children 
with special indications for this (i.e., 
those with a history of Adams-Stokes 
attacks, no chronotropic response to 
atropine, QRS interval more than 0.10 
seconds, exercise intolerance, history 
of congestive cardiac failure, or other 
cardiac lesion). 

At The Hospital for Sick Children 
in Toronto we prefer to insert rou- 
tinely a transvenous pacemaker pre- 
operatively in all children with CCHB 
who require general anesthesia. We 
feel that the risk related to transven- 
ous pacemaker insertion likely is neg- 
ligible when compared to the unde- 
termined risk of serious arrhythmia 
during the operation or in the periop- 
erative period. To establish the means 
to pace by transthoracic or transven- 
ous methods should this be required 
once surgery has commenced may in- 
volve considerable delay. 

Drs Diaz and Friesen have reported 
on one patient with uncomplicated 
CCHB who was successfully managed 
during general anesthesia without in- 
sertion of a pacemaker. We are not 
convinced that this is sufficient evi- 
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dence on which to base their recom- 
mendation. Children with uncompli- 
cated CCHB only very rarely present 
for anesthesia, and there are no re- 
ports in the literature of additional 
experience with general anesthesia. In 
addition, it is recognized that quite 
apart from the interventions of anes- 
thesia and surgery some children with 
apparently uncomplicated CCHB 
may develop serious arrhythmias and 
syncope requiring pacemaker ther- 
apy. It would seem to us that there is 
an increased potential for such ar- 
rhythmias to occur during and after 
general anesthesia however carefully 
this is conducted, and that preopera- 
tive transvenous pacemaker insertion 
as a routine is the safest course of 
action. 


D. J. Steward, MB, FRCP (C) 
Anaesthetist-in-Chief 


T. Izukawa, MB, FRCP (C) 


Departments of Anaesthesia 
and Cardiology 

The Hospital for Sick Chil- 
dren 

555 University Ave 

Toronto, Ontario, Canada 

M5G 1X8 


Obesity Supine Death 
Syndrome 


To the Editor: 


We found the article on obesity 
supine death syndrome by Tsueda et 
al (Anesth Analg 58:345-347, 1979) 
useful and informative. We realize 
that many anesthesiologists will be 
faced with the care of similar patients 
in the future. We have also found 
another method of handling morbidly 


obese patients which other anesthe- 
siologists may find useful as reported 
in 1977" and as referred to in a pre- 
vious publication reporting a series of 
88 massively obese patients in 1975.? 

Our patient had on admission a 
Pao, of 40 torr and a Paco, of 65 torr. 
During a 2-week period, he derived 
no benefit from diet, physiotherapy, 
and respiratory therapy. Use of me- 
droxyprogesterone, 100 mg IM, daily 
without interruption of the above re- 
gime, resulted, however, in reversal 
of blood gas values: i.e., Pao, 64 torr 
and Paco, 40 torr in 2 weeks. 

We believe that anesthesiologists 
caring for these patients should use 
every possible treatment to obtain an 
improvement in Pao, prior to subject- 
ing them to any anesthesia technique. 
Along with the usual methods of in- 
creasing cardiac output and improv- 
ing their ventilatory state, progester- 
one either by intramuscular injection 
or sublingually? is worthy of trial. 


Ray McKenzie, MD 

Professor of Anesthesiology 

University of Pittsburgh School of 
Medicine 

Director of Anesthesiology 

Magee- Womens Hospital 

Pittsburgh, Pennsylvania 15213 


Rajindar K. Wadhwa, MD 

Assistant Professor of Clinical 
Anesthesiology 

University of Pittsburgh School of 
Medicine 

Staff Anesthesiologist 

Magee- Womens Hospital 
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Mechanisms of Pain and 
Analgesic Compounds, 
edited by R. F. Beers and 
E. G. Bassett. New York, 
Raven Press, 1979, 510 
pp., $39.50. 


This book is a compilation of pa- 
pers presented at a Miles Laboratories 
Symposium that provided a forum for 
communication between multidisci- 
plinary specialists doing research and 
clinical work in the field of pain. The 
title accurately indicates that the em- 
phasis is on the mechanisms of pain, 
and these discussiors are conven- 
iently grouped in sections that distin- 
guish between those of a central and 
peripheral nature. Other sections in- 
clude an up-to-date review of the 
anatomy of pain circuitry, the mech- 
anisms of opioid analgesia and de- 
pendence, and the development of 
new analgesic substances. 

The introductory chapters high- 
light the critical need for more inter- 
action between pain specialists and 
quickly bring to light the significant 
distinctions between acute and 
chronic pain. These differences are 
raised in subsequent sections of the 
book to contribute to the continuity 
of thought and to emphasize this fun- 
damental point. There is a logical co- 
ordination of sections and chapters in 
the book overall and :t is well refer- 
enced, 

The discussions of the molecular 
and neurophysiologic mechanisms of 
pain are well written by recognized 
national and international authorities 
actively involved in this research. The 
material is up-to-date, nonrepetitious, 
and honest in elucidating what is cur- 
rently known and supported by avail- 
able evidence plus what is new and 
important. The authors generally re- 
veal a refreshing degrze of foresight 
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by pointing out accomplishments 
necessary for the future. The sections 
dealing with the molecular and chem- 
ical pharmacology of analgesic com- 
pounds are adequate. 

The book presents important re- 
search in an organized fashion. By 
providing excellent reviews of the 
complex mechanisms of pain, it helps 
bridge the gap between pain research 
and the clinical management of pa- 
tients with pain. Both researchers and 
clinicians will find the book suitable 
for reading as a means of increasing 
their awareness of the ever-changing 
progress in pain research fields. One 
would hope the book might stimulate 
further collaboration among pain spe- 
cialists for the benefit of mankind. 


John C. Rowlingson, MD 
Assistant Professor of 
Anesthesiology 
University of Virginia 
Medicai Center 
Charlottesville, VA 


Selected Papers in Res- 
piratory Therapy, Second 
Edition, by T. J. De- 
Kornfeld. Garden City, 
New York, Medical Exami- 
nation Publishing Co., Inc., 
1979, 542 pp., $20.00. 


Second edition publications are 
rarely reviewed unless significantly 
different from the first. Dr. De- 
Kornfeld’s first edition of Selected 
Papers in Inhalation Therapy was 
published in 1971 and was a compi- 
lation of published articles on respi- 
ratory therapy from 1967 through 
1970. The first edition was compiled 
during the embryonic era of orga- 


nized respiratory therapy and inten- 
sive care. Thus, with the first edition, 
Dr. DeKornfeld assumed the risky 
role of being both curator and seer in 
the field of respiratory therapy. Many 
of the articles in the first edition are 
pertinent today while others are of 
historic significance putting into per- 
spective the advances that have been 
made in this area over the past dec- 
ade. 

The second edition is an entirely 
different assemblage of publications 
on respiratory therapy from the years 
1973 through 1977. This edition fol- 
lows the same format as the first and 
is submitted as an update prompting 
this review. There are 52 articles 
grouped into nine major categories: 
structural and junctional considera- 
tions of the lung; pathology; intermit- 
tent positive pressure breathing; 
chronic obstructive pulmonary dis- 
ease; complications; pediatrics; water, 
fire and other disasters; what’s new; 
and miscellaneous. Each article is a 
reprint of the original as it appeared 
in the journal from which it was col- 
lected. 

The section on structural and func- 
tional considerations of the lung (nine 
articles) is outstanding and the sec- 
tions covering pediatrics and chronic 
obstructive lung disease are quite 
comprehensive. The editor included 
other articles of timely interest such 
as the moral dilemmas of the Quinlan 
case. The reviewer was particularly 
pleased to see a good review article 
on carbon monoxide poisoning as we 
are likely to see this entity more fre- 
quently resulting from our nation's 
altered fuel consumption habits. Too, 
carbon monoxide inhalation is al- 
ready the nation's number one cause 
of death due to poisoning. 

There are several criticisms of the 
second edition, but I have mixed 
emotions as to whether or not they 
should be considered major or minor. 
The book falls short as an update in 


respiratory therapy. The chosen arti- 
cles are encumbered by excessive 
publication time lag common to most 
reference works, The second edition 
was published 2 years after the date 
of its most recent article. This, com- 
bined with the lag time in publication 
of the original articles, leads one to 
classify this book more as an excellent 
reference source rather than an up- 
date. For example, this potpourri con- 
tains only two articles related to con- 
tinuous positive airway pressure 
(CPAP or PEEP) and no articles about 
intermittent miandatory ventilation 
(IMV). It is my opinion that these two 
subjects were major developments in 
respiratory therapy during the era 
covered by this book. The editor in- 
cluded an original article by Henry 
Heimlich on the controversial “Heim- 
lich maneuver” for the prevention of 
death by choking on foreign bodies. 
A nice balance would have included 
the American Heart Association’s 
stand on the “modified Heimlich ma- 
neuver" disputed by Dr. Heimlich. 

Excluding these criticisms, there is 
little doubt that Dr. DeKornfeld’s 
choice of publications for this second 
edition was made more difficult by 
the exponential increase in articles on 
respiratory therapy since the first 
edition was published. He readily ad- 
mits to having edited a capricious se- 
lection of papers but apologizes for 
the omission of articles that others 
might deem more important. The re- 
viewer sympathizes with his plight in 
being denied significant articles for 
the second edition by either cost or 
lack of permission for publication. 
The articles that he was able to use, 
however, were well chosen. I have the 
feeling that some of the articles were 
cleverly selected to overcome this ob- 
stacle. For example, although only 
two articles were cited concerning the 
use of CPAP or PEEP, the bibliogra- 
phies to these two articles contain the 
references on this subject which I 
would consider more important. 

The price of $20.00 for the second 
edition is double that of the first edi- 
tion, reflecting the change of our 
economy since 1971—but I feel that 
the book is worth the price as an 
excellent reference source for anyone 
teaching or practicing respiratory 
therapy regardless of specialty. It's 
worth the price as a time saver alone 
in mediating the conflicts of opinion 
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that arise daily in the intensive care 
setting. 
Noel W. Larson, MD 
Associate Professor 
Department of Anesthesia 
Director, Intensive Care Unit 
University of Arkansas for 
Medical Sciences 
Little Rock, AK 


Jamieson & Kay's Text- 
book of Surgical Physi- 
ology, Third Edition, by 
lM. Ledingham and 
C. MacKay. New York, 
Churchill  Livingstcne, 
1978, 381 pp., $47.50. 


The reader of this third edition of 
Jamieson & Kay’s well known text- 
book will find significant differences 
from its last appearance in 1965. The 
rapidly expanding needs of surgery 
are recognized in the multiple author- 
ship now used and while chapters on 
the lymphatic system and vitamin B 
complex have disappeared, their 
needs are fully met by new material 
on the central nervous system, im- 
munology, shock, and the ovary. As 
might be expected, the approach is 
clinical and of necessity certain areas 
are stressed more and others less than 
some might wish, depending cn in- 
dividual interests. Overall, a good 
balance is found for those to whom 
the book is addressed who are de- 
claredly younger surgeons in the 
training process. For them it snould 
be a valuable resource, for it is com- 
prehensive, yet well selected and il- 
lustrated, and written by seasoned ex- 
perts in surgically related fields, in an 
economical and usually lucid fashion. 
For the anesthesiologist, it provides 
less depth than desirable in a number 
of key areas in his specialty—as for 
example, the physiology of respira- 
tory and the biochemistry of neuro- 
muscular transmission. On the other 
hand, it affords an excellent perspec- 
tive of what is physiologically impor- 
tant to his surgical colleagues. 


Matthew B. Divertie, MD 
Professor of Medicine 
Mayo Medical School 
Rochester, MN 


Management of the Pa- 
tient-Ventilator System: A 
Team Approach, by K. V. 
Martz, J. Jointer, and R. M. 
Shepherd. St. Louis, C. V. 
Mosby Co., 1979, 254 pp., 
$9.95. 


This is a textbook concerned with 
the principles of managing patients 
requiring mechanical ventilation. Its 
presentation takes the form of a soft- 
cover workbook in which pages are 
perforated for easy removal and 
placement into a ringed binder, which 
the authors imply may aid in the man- 
agement of patients at the bedside. 

The strength of the text is found in 
its basic format which consists of 
chapters that correspond to the var- 
ious steps involved in evaluating pa- 
tients in respiratory distress and man- 
aging them while on mechanical ven- 
tilation. Comprehension of the mate- 
rial is facilitated by numerous charts, 
tables, and algorithms in addition to 
various learning exercises. 

The text is divided into three basic 
parts. Part 1 consists of creating the 
patient-ventilator system which deals 
with the basic and practical consid- 
erations such as indications for estab- 
lishing mechanical ventilation, selec- 
tion of airways and ventilators, and 
the selection of initial ventilatory pa- 
rameters, 

Part 2 consists of aspects of man- 
aging the patient-ventilator system 
such as methods of maintaining sat- 
isfactory oxygenation and acid-base 
balance in the patient, trouble shoot- 
ing a malfunctioning ventilator, use 
of an algorithm for positive end-ex- 
piratory pressure (PEEP), and noting 
the importance of providing for pa- 
tient comfort and adequate physica! 
therapy. 

Part 3, which occupies approxi- 
mately one half of the book, consists 
of exercises that can be used in the 
learning situation. Many of the exer- 
cises are excellent, concise vehicles 
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for student and therapist instruction. 

The weakness of the textbook is 
noted in its lack of indepth discus- 
sions of physiologic principles relat- 
ing to patient response and ventilator 
function, a complete omission of ref- 
erences for the material presented, 
limitations of the types of ventilators 
discussed, and a minimal! amount of 
space devoted to the use of intermit- 
tent mandatory ventilation with and 
without PEEP. 

In general the autaors have done 
an excellent job in presenting a sig- 
nificant amount of material in a con- 
cise and easily readable form. Al- 
though the clinician actively involved 
in critical care medicine and respira- 
tory care would find little benefit in 
reading this textbook. the occasional 
practitioner of respiratory care, resi- 
dents and medica! students in train- 
ing, and nurses and therapists in- 
volved in the care of patients requir- 
ing mechanical ventiiation will find 
the book valuable. For $9.95, it's a 
bargain! 

Eugene E. Fibuch, MD 

Assistant Professor of 
Anesthesiology 

University of Missouri Medical 
School at Karsas City 

Kansas City, MO 


Clinical Management of 
the Mother and Newborn, 
edited by G. F. Marx. Se- 
caucus, NJ, Springer-Ver- 
lag, 1979, 274 pp, 
$29.80. 


Clinical Management of the 
Mother and Newborn, edited by Dr. 
Gertie F. Marx, a world renowned 
anesthesiologist in the fieid of obstet- 
ric anesthesia, is least of all a book on 
obstetric anesthesia. Rather, its appeal 
and usefulness encompasses all those, 
including obstetriciar, pediatrician, 
anesthesiologist, and nursing person- 
nel, dedicated to the care of the par- 
turient and her newborn. Its impres- 
sive list of 18 contributors, seven of 
whom are on the faculty of the Albert 
Einstein College of Medicine (as is 
the editor), includes representatives 
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of all phases of medicine devoted to 
this important area of patient care. 

On inspection of the table of con- 
tents, one finds chapters on such di- 
verse and timely topics as pathophys- 
iology and therapy of postpartum 
complications, clinical neonatal neu- 
robehavioral assessment, pulmonary 
function in the perinatal period, the 
newborn of the drug-dependent 
mother, and maternal and perinatal 
mortality; each of the chapters is writ- 
ten by an expert in the field. This 
initially gives the reader the impres- 
sion that the book consists of no more 
than a series of unrelated topics con- 
cerning the perinatal period. Yet, de- 
spite the diversity of its contents, the 
unifying common bond is, as stated 
in the words of the editor, "This book 
is devoted exclusively to the first days 
following birth." 

The topics covered in this brief 
work (less than 300 pages) include 
many new areas of interest and im- 
portance such as maternal postpar- 
tum complications, newborn evlua- 
tion, the effects on the newborn of 
drugs taken by the mother during 
pregnancy and parturition, maternal- 
infant bonding, and complications 
that may be faced by the newborn 
including respiratory insufficiency, 
meconium aspiration, neonatal aci- 
dosis, and conditions warranting ex- 
change blood transfusion. Many of 
the areas in which controversy exists 
today are covered, and while this re- 
viewer takes issue with some of the 
conclusions, he feels in all instances 
the available data were fairly and 
completely covered. 

Another attribute of this work is 
the brevity and clarity of its 15 chap- 
ters, each consisting of only 10 to 24 
pages. With few exceptions, this book 
is a model of succinctness, yet main- 
tains readability and good literary 
style without exception. Each chapter 
concludes with a complete bibliog- 
raphy of important references, em- 
phasizing those of this decade. 

This book should prove to be a 
welcome and useful addition to all 
those involved in the care of the 
mother and newborn. 


Brett B. Gutsche, MD 
Professor of Anesthesia, and 
Obstetrics and Gynecology 
Hospital of the University 
of Pennsylvania 
Philadelphia, PA 


Monitoring Cerebral 
Function, by P. F. Prior. 
Philadelphia,  Lippincott/ 
Harper, 1979, 366 pp., 


$30.00. 


The title of this book is somewhat 
misleading, since it implies a general 
survey of the monitoring of cerebral 
function, and the book actually deals 
with a single instrument, the Cerebral 
Function Monitor (CFM). The CFM 
was the first, and for many years the 
only, commercially available EEG 
analysis and display device. It satis- 
fied many of the needs for such a 
device: relatively low cost, simple op- 
eration, tightly compressed display, 
and simplicity of interpretation. How- 
ever, in achieving its very simplicity, 
the device had to discard much of the 
valuable information contained in the 
EEG. In essence, most of the CFM's 
information relates to amplitude, 
rather than frequency. Thus, although 
the device does have some use for 
detecting major episodes of cerebral 
hypoxia, it does not indicate depth of 
anesthesia reliably. Consequently, its 
developers have recently expanded 
the usefulness of the CFM by adding 
information on frequency. 

In this context, the book is a re- 
markably detailed and enthusiastic 
account for all the information avail- 
able on the CFM. And its 366 pages 
and 160 illustrations reflect the fact 
that considerable information has 
been accumulated over the CFM's 10 
years of use. The book describes the 
rationale for monitoring the EEG; the 
technical features of the device; some 
physiologic and pathologic factors in- 
voived in cerebral function; and the 
use of the CFM in the intensive care 
unit, the delivery room for fetal mon- 
itoring, and the operating room, par- 
ticularly during cardiac, vascular, and 
neurosurgical procedures. I can rec- 
ommend the book for anyone who is 
using or planning to use the CFM, is 
developing an EEG monitoring sys- 
tem, or is a serious student of EEG 
monitoring. : 

N. Ty Smith, MD 

Professor of Anesthesia 

University of California, 
San Diego 

San Diego, CA 
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Applied Respiratory Phys- 
iology, Second Edition, by 
J. F. Nunn. Woburn, MA, 
Butterworths, 1979, 524 
pp., $39.95. 


This second edition is ample testi- 
mony to the enormous advances in 
knowledge of pulmonary physiology 
during the ensuing 8 years after the 
first edition. Several sections have 
been extremely revised, and eight 
new sections have been added to deal 
with matters little known in 1969. The 
author has included the International 
System of Units (SI) as well as con- 
ventional terminology for all values. 

This volume represents a valuable 
and easy to use source of pulmonary 
physiology for the clinician. 
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Anesthesiology: A Manuali 
of Concept and Manage- 
ment, Second Edition, by 
C. W. Quimby, Jr. New 


York, Appleton-Century- 
Crofts, 1979, 384 pp., 
$12.50. 


The second edition of this book is 
larger than the first edition by 32 
pages. The 384 pages are nicely laid 
out and easy to read. The type stands 
out from the page in sharp contrast. 
Like the earlier edition, it has paper 
covers. It has new or expanded infor- 
mation on balanced anesthesia, posi- 
tioning, spinal anesthesia, and post- 
anesthetic ventilatory management. 
The chapter on obstetric anesthesia 
has been largely rewritten and now 
includes a section on fetal monitoring. 
A new “Chapter” has been included 


on pain and chronic discomfort but 
unfortunately it is only 3 pages long! 
More time is spent on methoxyflur- 
ane than on enflurane. It seems ap- 
propriate that a 1979 edition would 
more generously discuss this widely 
used agent. On page 151, a table of 
“Commonly Used Anesthetic 
Agents” lists cyclopropane, ether, 
methoxyflurare, and ethylene, but 
omits enzlurane. Dr. Quimby begins 
his preface by giving the “aim” of his 
book. It is designed for people having 
their “first clinical experience in anes- 
thesiology." While this is an admira- 
ble goal, it places him up against some 
pretty formidable competition. 


BOOK RECEIVED 


See MEN eee 
Controversy in Anesthesiology, by J. E. 
Eckenhoff. Philadelphia, WB Saunders 
Co, 1979, 312 pp, $22.00. 
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Manuscripts should be sent to: 
Nicholas M. Greene, M.D. 
Editor in Chief 
Anesthesia and Analgesia 
Yale University School oz Medicine 
333 Cedar Street 
New Haven, Connecticut 06510 


Editorial Policies 


Manuscripts are accepted for consideration with the understand- 
ing that the material they present, including tables, figures, and 
data therein, has not been previously published and is not presently 
under consideration for publication elsewhere. Authors will be 
asked to transfer copyright of articles accepted for publication to 
the International Anesthesia Research Society. 

Types of materials. The Journal publishes original articles, clin- 
ical reports, review articles, and letters to the editor. Original 
articles describe in 3000 words or less clinical or laboratory inves- 
tigations. Clinical reports describe in 1000 words or less either (a) 
new and instructive case reports, or (b) anesthetic techniques or 
equipment of demonstrable originality, usefulness, and safety. 
Review articles of 2500 to 4000 words collate, describe, and evaluate 
previously published material for the establishment of new con- 
cepts. Letters to the editor, less than 300 words in length, include 
brief constructive comments concerning previously published ar- 
ticles or brief notations of general interest. Preliminary or incom- 
plete reports are not accepted, nor are manuscripts containing 
fragments of material better incorporated into a single paper. 

Peer review. All papers are reviewed by three or more referees. 
Acceptance is based upon significance, originality, and validity of 
the material presented. Everv effort will be made to advise authors 
within 4 weeks whether papers are accepted, rejected, or need 
revision prior to further consideration for possible publication. 

Legal and ethical considerations. Information or illustrations 
must not permit identificaticn of patients. Reports describing data 
obtained from experiments »erformed in humans must contain a 
statement in the Methods that institutional approval of the inves- 
tigation and informed consent were obtained. Reports describing 
data obtained from experiments performed in animals must clearly 
indicate that humane standards equal to those described by the 
American Physiological Society were employed. 

Illustrations and other ma-erials taken from other sources must 
be properly credited and assurance provided that permission for 
reproduction has been obtained from the copyright owner and 
author. 

Editing. All papers will be edited for clarity, style, factual accu- 
racy, internal logic, and grammar. Papers extensively copy edited 
will be returned to the author(s) for retyping. Editing will include 
the addition, following the Abstract, of key words for indexing 
purposes. 


Manuscripts 


Manuscripts must be prepared and submitted in the manner 
described in "Uniform Requirements for Manuscripts Submitted 
to Biomedical Journals" as described in Annals of Internal Medicine 
1979; 90: 95-9, and Lancet 1979; 1: 428-30. 

Type manuscripts on white bond paper, 20.3 by 26.7 cm or 21.6 
by 27.9 cm (8 by 101 in or 84 by 11 in) or ISO A4 (212 by 297 mm) 
with margins of at least 2.5 cm (1 in). Use double spacing through- 
out, including title page, abstract, text, acknowledgments, refer- 
ences, tables, and legends for illustrations. 

Begin each of the following sections on separate pages: title page, 
abstract and key words, text, acknowledgments, references, tables 


(each table, complete with title and footnotes, on a separate page), 
and legends. Number pages consecutively, beginning with the title 
page. Type the page number in the upper right-hand corner of each 
page. 

Illustrations must be good quality, unmounted glossy prints, 
usually 12.7 by 17.3 cm (5 by 7 in), but no larger than 20.3 by 25.4 
cm (8 by 10 in). 

Submit three copies of manuscript and figures in heavy-paper 
envelope. Submitted manuscript should be accompanied by cov- 
ering letter, and permissions to reproduce previously published 
materials or to use illustrations that may identify subjects. 

Authors should keep copies of everything submitted. 

Title Page. The title page should contain [1] the title of the 
article, which should be concise but informative; [2] a short running 
head or footline of no more than 40 characters (count letters and 
spaces) placed at the foot of the title page and identified; [3] first 
name, middle initial, and last name of each author, with highest 
academic degree(s); [4] name of department(s) and institution(s) to 
which the work should be attributed; [5] disclaimers, if any; [6] 
name and address of author responsible for correspondence about 
the manuscript; [7] name and address of author to whom requests 
for reprints should be addressed, or statement that reprints will not 
be available from the author; [8] the source(s) of support in the 
form of grants, equipment, drugs, or all of these. 

Abstract and Key Words. The second page should carry an 
abstract of not more than 150 words. The abstract should state the 
purposes of the study or investigation, basic procedures (study 
subjects or experimental animals and observational and analytic 
methods), main findings (give specific data and their statistical 
significance, if possible), and the principal conclusions. Emphasize 
new and important aspects of the study or observations. Define all 
abbreviations except those approved by the International System 
of Units. 

Key (indexing) terms. Below the abstract, provide and identify as 
such, three to 10 key words or short phrases that will assist indexers 
in cross-indexing your article and that may be published with the 
abstract. 

Text. The text of observational and experimental articles is 
usually— but not necessarily—divided into sections with the head- 
ings Introduction, Methods, Results, and Discussion. Long articles 
may need subheadings within some sections to clarify their content, 
especially the Results and Discussion sections. Case reports and 
reviews do not require the above sections. 

Introduction. Clearly state the purpose of the article. Summarize 
the rationale for the study or observation. Give only strictly perti- 
nent references, and do not review the subject extensively. 

Methods. Describe your selection of the observational or exper- 
imental subjects (patients or experimental animals, including con- 
trols) clearly. Identify the methods, apparatus (manufacturer's 
name and address in parentheses), and procedures in sufficient 
detail to allow other workers to reproduce the results. Give refer- 
ences to established methods, including statistical methods; provide 
references and brief descriptions of methods that have been pub- 
lished but are not well known; describe new or substantially 
modified methods, give reasons for using them, and evaluate their 
limitations. 

When reporting experiments on human subjects, indicate 
whether the procedures followed were in accord with the ethical 
standards of the Committee on Human Experimentation of the 
institution in which the experiments were done or in accord with 
the Helsinki Declaration of 1975, When reporting experiments on 
animal subjects, indicate whether the institution’s or the National 
Research Council's guide for the care and use of laboratory animals 
was followed. Identify precisely all drugs and chemicals used, 
including generic name(s), dosage(s), and route(s) of administration. 
Do not use patients’ names, initials, or hospital numbers. 
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Include numbers of observations and the statistical significance 
of the findings when appropriate. Detailed statistical analyses, 
mathematical derivations, and the like may sometimes be suitably 
presented in the form of one or more appendixes. 

Results. Present your results in logical sequence in the text, 
tables, and illustrations. Do not repeat in the text all the data in the 
tables and/or illustrations: emphasize or summarize only important 
observations. 

Discussion. Emphasize the new and important aspects of the 
study and conclusions that follow from them. Do not repeat in 
detail data given in the Results section. Include in the Discussion 
the implications of the findings and their limitations and relate the 
observations to other relevant studies. Link the conclusions with 
the goals of the study but avoid unqualified statements and conclu- 
sions not completely supported by your data. Avoid claiming 
priority and alluding to work that has not been completed. State 
new hypotheses when warranted, but clearly label them as such. 
Recommendations, when appropriate, may be included. 

References. (The following style will appear in the journal 
effective volume 60, January 1981.) Number references consecu- 
tively in the order in which they are first mentioned in the text. 
Identify references in text, tables, and legends by arabic numerals 
(in parentheses). References cited only in tables or in legends to 
figures should be numbered in accordance with a sequence estab- 
lished by the first identification in the text of the particular table or 
illustration. 

Use the form of references adopted by the U.S. National Library 
of Medicine and used in Index Medicus. Use the style of the 
examples cited at the end of this section, which have been approved 
by the National Library of Medicine. 

The titles of journals should be abbreviated according to the 
style used in Index Medicus. Consult the "List of Journals Indexed," 
printed annually in the January issue of Index Medicus. 

Avoid abstracts as references; "unpublished observations" and 
"personal communications" may not be used as references, al- 
though references to written, not verbal, communications may be 
inserted (in parentheses) in the text. Include among the references 
manuscripts accepted but not yet published; designate the journal 
followed by “in press" (in parentheses). Information from manu- 
scripts submitted but not yet accepted should be cited in the text 
as "unpublished observations" (in parentheses). 

References must be verified by the author(s) against the original 
documents. 

Examples of correct forms: 


Journal 


1. Standard Journal Article (List all authors when six or less; when seven or 
more, list only first three and add et al) 


Soter NA, Wasserman SI, Austen KF. Cold urticaria: release into the 
circulation of histamine and eosinophil chemotactic factor of anaphy- 
laxis during cold challenge. N Engl ] Med 1976;294:687-90. 

2. Corporate Author 


The Committee on Enzymes of the Scandinavian Society for Clinical 
Chemistry and Clinical Physiology. Recommended method for the 
determination of gamma-glutamyltransferase in blood. Scand J Clin Lab 
Invest 1976;36:119-25. 


Anonymous. Epidemiology for primary health care. Int ] Epidemiol 
1976;5:224-5. 
Books and Other Monographs 


3. Personal Author(s} 
Osler AG. Complement: mechanisms and functions. Englewood Cliffs: 
Prentice-Hall, 1976. 

4. Corporate Author 
American Medical Association Department of Drugs. AMA drug eval- 
uations. 3rd ed. Littleton: Publishing Sciences Group, 1977. 

5. Editor, Compiler, Chairman as Author 


Rhodes AJ, Van Rooyen CE, comps. Textbook of virology: for students 
and practitioners of medicine and the other health sciences. 5th ed. 
Baltimore: Williams & Wilkins, 1968. 


6. Chapter in Book 
Weinstein L, Swartz MN. Pathogenic properties of invading microor- 


ganisms. In: Sodeman WA Jr, Sodeman WA, eds. Pathologic physiol- 
ogy: mechanisms of disease. Philadelphia: WB Saunders, 1974:457-72. 


7. Agency Publication 
National Center for Health Statistics. Acute conditions: incidence and 
associazed disability, United States July 1958-June 1969. Rockville, Md.: 
National Center for Health Statistics, 1972. (Vital and health statistics. 
Series 10: Data from the National Health Survey, no. 69) (DHEW 
publicetion no. {HSM)72-1036), 


Tables. Type each table on a separate sheet; remember to double 
space. Do not submit tables as photographs. Number tables con- 
secutively and supply a brief title for each. Give each column a 
short or abbreviated heading. Place explanatory matter in footnotes, 
not in the heading. Explain in footnotes all nonstandard abbrevia- 
tions that are used in each table. For footnotes, use the following 
symbols in this sequence: *, t, t, 8, |, f, #, **, Tt... . Identify 
statistical measures of variation such as SD and SEM. 

Omit internal horizontal and vertical rules. 

Cite each table in the text in consecut:ve order. 

If you tse data from another published or unpublished source, 
obtain permission and acknowledge fully. 

The edtor on accepting a manuscript may recommend that 
additional tables containing important backup data too extensive 
to be published may be deposited with the National Auxiliary 
Publications Service or made available by the author(s). In that 
event, an appropriate statement will be added to the text. Submit 
such table for consideration with the manuscript. 

Illustrations. Submit three complete sets of figures. Figures 
should be professionally drawn and photographed; freehand or 
typewritten lettering is unacceptable. Instead of original drawings, 
roentgenozrams, and other material, send sharp, glossy black-and- 
white photographic prints, usually 12.7 by 17.3 cm (5 by 7 in) but 
no larger -han 20.3 by 25.4 cm (8 by 10 in). Letters, numbers, and 
symbols sould be clear and even throughout, and of sufficient size 
that when reduced for publication eack. item will still be legible. 
Titles and detailed explanations belong in the legends for illustra- 
tions, not on the illustrations themselves. 

Each figure should have a label pasted on its back indicating :he 
number o: the figure, the names of the authors, and the top of the 
figure. Dc not write on the back of the figures or mount them on 
cardboarc, or scratch or mar them using paper clips. Do not bend 
figures. 

Photomicrographs must have internal scale markers. Symbols, 
arrows, o7 letters used in the photomicrographs should contrast 
with background. 

If photographs of persons are used, either the subjects must not 
be identifiable or their pictures must be accompanied by written 
permission to use the photograph. 

Cite each figure in the text in consecutive order. If a figure has 
been pub ished, acknowledge the original source and submit writ- 
ten permission from the copyright holder to reproduce the material. 
Permission is required, regardless of authorship or publisher, ex- 
cept for documents in the public domain. 

For illustrations in color, supply color negatives or positive 
transparencies and, when necessary, accompanying drawings 
marked to indicate the region to be reproduced; in addition, send 
two posit ve color prints to assist editors in making recommenda- 
tions. Some journals publish illustrations in color only if the author 
pays for the extra cost. 

Legends for Illustrations. Type legends for illustrations doubie 
spaced, starting on a separate page with arabic numerals corre- 
sponding to the illustrations. When symbols, arrows, numbers, or 
letters ar2 used to identify parts of the illustrations, identify and 
explain each one clearly in the legend. Explain internal scale and 


. identify method of staining in photomicrographs. 


Abbre viations. Define all abbreviations except those approved 
by the International System of Units for amount of substance, 
mass, length, time, temperature, electric current, and luminous 
intensity. Do not synthesize new or unusual abbreviations. When 
many ab>reviations are used, include all in a box of definitions at 
the start 5f the article. 
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Applicants are invited from suitably ex- 
perienced Anesthesiologists to apply for the 
following opportunities with the faculty rank of asso- 
ciate professor or professor. Appointees will be permitted 
private practice under the aegis of the Medical Center’s 
Professional Service Plan and will be eligible for fringe ben- 
efits according to rank. Candidates must possess diploma of 
American Board of Anesthesiology or its equivalent. 






















































DIRECTOR OBSTETRICAL ANESTHESIA: Duties will in- 
clude supervision of obstetrical anesthesia, teaching of medi- 
cal students in the Depts. of Obstetrics and Anesthesiology 
and instruction of residents in anesthesiology. Candidate must 
have experience in teaching, research experience is desirable. 


ASSISTANT OR ASSOCIATE PROFESSOR ANESTHE- 
SIOLOGY: Candidates w:th interest in the treatment of 
chronic pain. It is currently envisioned that initially 3 days 
per week would be allocated to clinical anesthesia and 2 days 
to pain therapy. 


ASSISTANT OR ASSOCIATE PROFESSOR DIVISION OF 
CARDIOTHORACIC SURGERY: The division currently 
performs more than 350 open heart operations annually. A 
number which is increasing. Applicant will have the oppor- 
tunity to participate in ongoing perfusion research in associ- 
ation with 5 full time biomedical engineers. 


Submit c.v. to: David C. C. Stark, M.D., Professor and Chair- 
man, Dept. of Anesthesiology, 


THE MOUNT SINAI 
MEDICAL CENTER 


One Gustave L. Levy Place, New York, N.Y. 10029 


An Equal Opportunity Employer M/F 


CLEVELAND CLINIC 
DEPARTMENT OF CARDIO- 
THORACIC ANESTHESIA 


Positions available for “Clinical Fellow" at. 
the Cleveland Clinic Foundation, Depart- 
ment of Cardio-Thoracic Anesthesia in Jan- 
uary and July of 1980. 


The positions are for anesthesiologists who 
have finished: residency and desire ad- 
vanced training in all aspects of anesthesia 
for open heart thoracic surgery and inten- 
sive care. Research facilities available for 
interested candidates. Appointments for 
one year or more. Attractive starting salaries 
commensurate with previous training. In- 
terviews will be arranged at our expense. 
Please send curriculum vitae to: 


Department of Cardio-Thoracic An- 
esthesia 

Cleveland Clinic Foundation 

9500 Euclid Avenue 

Cleveland, Ohio 44106 


For further information, call (216) 444-2595 
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Los Angeles County 
University of 
Southern California 
Medical Center 


Is seeking Anesthesiologists 
at all levels 
to join a growing, forward-looking faculty. 
We are a large public medical center and 
primary teaching hospital of the University 
of Southern California and offer a diverse 
clinical base: one of the most challenging 


and sizeable in the nation. Positions 
offered entail clinical and teaching respon- 
sibilities with optional research opportun- 
ities in obstetrics, neuro, respiratory, and 
general anesthesia, Successful candidates 
will possess a strong desire to teach and 
participate in the building of an out- 
standing clinical and educational program 
in anesthesia, 


Send C. V. to Glenn F., Gordon, M.D. 
Department of Anesthesiology, 


Los Angeles County/ 
University of Southern California 


Medical Center ` 


1200 North State Street 
Los Angeles, CA 90033 





coming up next........ 


LA.R.S. - 54th Congress 


MGM GRAND HOTEL 





RENO, NEVADA 


March 9-13, 1980 


MISSOURI 


Anesthesiologist wanted to join private 
group practice. 400-bed hospital with all 
specialties except open heart; little OB. 
Town of 100,000 with good schools, close 
airport, and good recreation. Compensa- 
tion package open for negotiation. Reply 
to Box 7-79-A, c/o LA.R.S. 


CALIFORNIA: 


Board Eligible or Certified Anesthesiolo- 
gist to join a group in Los Angeles. Must 
be experienced in open heart surgery. 
Please reply to Box 1-80-A, c/o LA.R.S. 


PRACTICE OF ANESTHESIOLOGY — 


2-man partnership seeking 3rd. 200 bed 
general hospital, wide range active medical 
staff. Send inquiries to Box 1-80-B, c/o 
LA.R.S., 


NEW YORK: 


Seeking Chief of Anesthesiology who is 
Board Certified with a minimum of five 
years clinical experience, available as early 
as is practicable in 1980, to head a com- 
bined Anesthesia Dept. consisting of six 
physician anesthesiologists serving one 
126 bed general hospital and one 240 bed 
general hospital, in Nassau County, New 
York. Partnership and compensation ar- 
rangements, flexible and open for discus- 
sion. Please send complete curriculum vi- 
tae to: Professional Anesthesia Associates, 
800 Front Street, Hempstead, N. Y. 11550. 


AA ——»»—— 
TULANE UNIVERSITY, NEW  OR- 
LEANS, LA. 


Position available in July 1980 for an aca- 
demic anesthesiologist with major interest 
in obstetrical anesthesia, teaching and re- 
search. Tulane University is an Affirma- 
tive Action/Equal Opportunity Employer. 
Send Curriculum Vitae to: Robert R. 
Kirby, M.D., Department of Anesthesiol- 
ogy, Tulane University School of Medi- 
cine, 1430 Tulane Avenue, New Orleans, 
Louisiana 70112. 


lees 
ADVERTISING 


SRE CIO E VM ONU se SQ MU 
ANESTHESIOLOGIST— 

70-physician multispecialty group in 
Western Kentucky, expanding tc 80 plus 
physicians and surgeons; excellent open- 
ing in section of four M.D. anesthesiolo- 
gists and nine C.R.N.AÀ.'s; new 401-bed 
hospital opening December 1979; early 
partnership with incentive income distri- 
bution formula. Subspecialty interest in 
cardiovascular surgery and condtctive an- 
esthesia desirable but not mandatory. 
Contact: Medical Director, Trover Clinic, 
Madisonville, Kentucky 42431: 502-821- 
7171, Extension 205. 


FLORIDA: 


Tampa General Hospital seeks board cer- 
tified anesthesiologist to direct the De- 
partment of Anesthesiology. 600 bed hos- 
pital with all surgical specialties repre- 
sented. In excess of 10,000 p-ocedures 
yearly. Affiliated with the University of 
South Florida College of Medicine. Florida 
license required. Opportunity for part 
time private practice. Five years experience 
required. For further information, contact: 
Thomas E. McKell, M.D., Director of 
Professional Services, Tampa General 
Hospital, Davis Island, Tampa. Florida, 
33606. Telephone: (813) 253-0711. An 
equal opportunity employer. 


PENNSYLVANIA: 


Fellowship in Ob-Gyn Anesthesia. De- 
signed to develop anesthesiology staff for 
maternity hospitals. Emphasis on conduc- 
tion anesthesia techniques. In-depth train- 
ing, clinical and teaching experience with 
investigative opportunities anc mainte- 
nance of general anesthesia skills in gyne- 
cology, general surgery and dental sur- 
gery. Credited by the Universitz of Pitts- 
burgh, an equal opportunity/affirmative 
action employer. Pennsylvania Ecense re- 
quired. Appointment for six months or 
one year, Contact: R. McKerzie, MD, 
FFARCS (Eng), Director of Anesthesia, 
Magee-Womens Hospital, Pittsburgh, PA 
15213. 
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NEW HAMPSHIRE— 


Anesthesiologist (or CRNA) wanted to 
join staff of 28 bed full service facility. 
Board Cert. general & vascular surgeon 
operating on reg. schedule & emerg. Small 
town, northern New Hampshire 4-season 
recreation area. Good schools. Greup 
practice on premises, resp. therapist on 
staff. Reply to: Personnel, Upper Connect- 
icut Valley Hospital, Colebrook, NH 
03576. 


ILLINOIS: 


Immediate openings for Board Certified/ 
Eligible Anesthesiologists— Assistant and 
Associate Professors. Research Opportu- 
nities. Applications with Curriculum Vitae 
should be forwarded to: Dr. Donald Ben- 
son, University of Chicago, Department of 
Anesthesiology. 950 E. 59th Street, Chi- 
cago, Ill. 60637. AN EQUAL OPPORTU- 
NITY EMPLOYER. 


FRENIS GREEN OSEE TM REESE 
OBSTETRIC ANESTHESIA: 


Approved one-year specialty training at 
high-risk obstetrical unit—3,000 deliveries 
per year. Ample opportunity for clinical 
experience, teaching, clinical and animal 
research using chronic maternal-fetal 
sheep preparation. Available July 1, 1980. 
Contact: John B. Craft, Jr., M.D., Director, 
OB Anesthesia, George Washington Uni- 
versity Hospital, 901 23rd St. NW, Wash- 
ington, D.C. 20037—(202) 676-3864. An 
Equal Opportunity, Affirmative Action 
Employer. 


— ——————ÀÀ—€ CÓ ÓÓ 
ANESTHESIOLOGIST 


Needed in sma.l Minnesota city. Challeng- 
ing cases, no open heart. Malpractice in- 
surance paid. Salary first year, then buy- 
in. Reply to Box 9-79-H, c/o LA.R.S. 


TEXAS: 


Immediate openings for Anesthesiologists 
to join Ob/Gyn Anesthesia group. Good 
salary and fringes. Send curriculum vitae 
to Box 11-79-B, c/o I.A. R.5. 


ANESTHESIOLOGIST 


Board certified or eligible to join 8-man 
group; competitive salary plus corporation 
benefits; insurance, dues paid; early full 
group membership. University-affiliated 
hospital. Write to: Gary S. Freeman, M.D., 
Mt. Sinai Hospital, Cleveland, Ohio 
44106—or call collect (216) 795-6000, ext. 
444, 


CHIEF ANESTHESIOLOGISTS 
NEEDED 


for growing modern ambulatory surgical 
centers. All types of procedures per- 
formed. Locations throughout Florida. 
Send resumes to Box 9-79-C, 7, LA.R.5. 


ANESTHESIOLOGIST -— 


Board Certified, to join hospital based, 
multispecialty group in Northeastern 
Pennsylvania. Reply with CV to D. R. 
Weaver, M.D., Medical Director, Guthrie 
Clinic, Sayre, Penna. 18840. 


Classified 
ADVERTISING 


FELLOWSHIP IN OBSTETRICAL AN- 
ESTHESIA — 


Opportunity for extensive approved one 
year specialty training in high-risk obstet- 
rical unit with approximately 7000 deliv- 
eries per year and full-time obstetrical an- 
esthesia staff. Base clinical year, two years 
of clinical anesthesia and FLEX required. 
Salary negotiable. For information contact: 
Albert L. Maduska, M.D., Anesthesiology, 
E.H. Crump Women's Hospital, Univer- 
sity of Tennessee Center for the Health 
Sciences, Memphis, Tennessee 38163. 


ANESTHESIOLOGIST: 


Board certified with four years of real life 
clinical experience, familiar with critical 
care medicine, able to organize and up- 
grade a department's activities, current in 
all areas of anesthesia including cardiac, 
neuro and pediatrics, is seeking a private 
practice of anesthesia involving primarily 
supervision and teaching but also direct 
patient care and departmental function, in 
a growing community and a hospital with 
great potential. Send information to Box 
11-79-A, c/o LA.R.S. 
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MAYO FOUNDATION, DEPARTMENT 
OF ANESTHESIOLOGY — 


Opportunities for advanced subspecialty 
training in cardiovascular and neuro-an- 
esthesia, respiratory intensive care, and 
pain management are available to quali- 
fied candidates. Indepth training experi- 
ence in one or more of these areas for 
periods of six months to two years may be 
arranged. For additional details, contact: 
Alan D. Sessier, M.D., Chairman, Depart- 
ment of Anesthesiology, Mayo Founda- 
tion, Rochester, Minnesota 55901, 


Rates for classified advertising: $3.00 
per line, minimum 5 lines; box number 
ads $3.50 per line. Classified display rates 
on request. Copy deadline 6 weeks prior 
to publication. Do not submit pavment 
with order; invoices will be sent for pav- 
ment prior to publication. Ad copv, subject 
to acceptance by publisher, should be 
mailed to: Anesthesia and Analgesia, 3645 
Warrensville Center Rd., Cleveland, OH 
44122. 


Remove the Block Yourself 


Reverse with 
: REGONOL pyridostigmine bromide 


Regonol rapidly restores full neuromuscular transmission. — .- 





bradycardia than neostigmine. 
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Brief Summary (Please consult full package insert, enclosed in every 
package, before using Regonol). 


INDICATIONS—Regonol (pyridostigmine bromide) is useful as a reversal 
agent or antagonist to nondepolarizing muscle relaxants. 


CONTRAINDICATIONS—Known hypersensitivity to anticholinesterase 
agents; intestinal and urinary obstructions of mechanical type. 


WARNINGS -—Use with particular caution in patients with bronchial asthma or 
cardiac dysrhythmias. Transient bradycardia may occur and be relieved by 
atropine sulfate. Atropine should also be used with caution in patients with 
cardiac dysrhythmias. Because of the possibility of hypersensitivity in an 
occasional patient, atropine and antishock medication should always be 
readily available. 


Usage in Pregnancy--The safety of pyridostigmine bromide during preg- 
nancy or lactation in humans has not been established. Therefore its use in 
women who are pregnant requires weighing the drug's potential benefits 
against its possible hazards to mother and child. 


ADVERSE REACTIONS —Side effects are most commonly related to over- 
dosage and generally are of two varieties, muscarinic and nicotinic. Among 
the former group are nausea, vomiting, diarrhea, abdominal cramps, 
increased peristalsis, increased salvation, increased bronchial secretions, 
miosis and diaphoresis. Nicotinic side effects are comprised chiefly of muscle 
cramps, fasciculation and weakness. Muscarinic side effects can usually be 
counteracted by atropine. As with any compound containing the bromide 


It produces fewer oropharyngeal secretions and less 


radical, e skin rash may be seen in an occasional patient. Such reactions 
usually subside promptly upon discontinuance of the medication. Throm- 
bophlebiis has been reported subsequent to intravenous administration. 


DOSAGE AND ADMINISTRATION—Prior or simultaneous administration of 
atropine sulfate (0.6 to 12 mg; IV) is recommended to minimize the side 
effects (excessive secretions, bradycardia). Usually 10 or 20 mg of pyridos- 
tigmine bromide will be sufficient for antagonism of the effects of the 
nondepo arizing muscle relaxants. Although full recovery may occur within 
15 minutes in most patients, others may require a half hour or more. 
Satisfactory reversal can be evident by adequate voluntary respiration, 
respirato y measurements and use of a peripheral nerve stimulator device. It 
is recommended that the patient be well ventilated and a patent airway 
maintained until complete recovery of normal respiration is assured. Once 
satisfactcry reversal has been attained, recurarization has not been reported. 

Failure of pyridostigmine bromide to provide prompt (within 30 minutes) 
reversal may occur, e.g. in the presence of extreme debilitation, carcinoma- 
tosis, or with concomitant use of certain broad spectrum antibiotics or 
anesthett agents, notably ether. 


CAUTIOLI— Federal law prohibits dispensing without a prescription. 
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NDC = C052-0460-10 


Organon Pharmaceuticals 
A Division of Organon Inc. 
West Orange, N.J. 07052 


» 


Organon 


APART OF zona INC. 





INDEX OF ADVERTISERS 


Classified Advertising ...... "——————— error T TREE "ES '... (23); (24) 
Cleveland Clinic PoundidenscEnEibvRES DOTY ead acd om) vd utet Rete ed ech on So ia XU seis (22) 
Cleveland Clinic Foundation— International SYMP U > c oos e ped Son Cason Ras PEPER EE E TEE EET (7): 
J. H. Emerson Company—IMV Ventilator ................. eae e AA n A E Y T" (15) 
KMA, Inc.— Thermodilution Equipment .......... lei eise ee sez S EE ENEE (7) 

- Mt. Sinai Medical Center— Employment Opportunities pha ddx E E techie d eaa ctia aU Sracwur osa pA A ur STRE (22) 
National Catheter Co.—Endotracheal Tube ........... 2 loose Cover 2 
Ohio Medical Products—Ethrane® .............. —  ———— ot E (12), (13), (14) - 
O'Neal, Jones & Feldman— Antilirium ....... "orc panera en Sendai Aa Ree AS . (16), (17) | 
Organon Pharmaceuticals—Hexadrol® ........ liiis ee d TT (10), (11) 

| Organon Pharmaceuticals—-Pavulon® ...... BM P (4), (5), (6) 
Organon Pharmaceuticals—Regonol( , . . EEE telus ty orev tvs eet sees EE eta fh Seo (25) 
Pharmaseal®— Spinal Trays .............+-.+004. "m XR PITE EEEREN ENT, PEE Cover 4 
Portes Ine S=Ppidural Tray onc dc ss reas ew a pk Oe SE EUR A Ra nte VEMM" Cover 3 
Puritan-Bennett Corp., Foregger Medical Division— Anesthesia Equipment ....... "TP (8), e 
University of Southern California — Employment Opportunity ................. ae ERE Ba (22) 


o ] (26) 





When you have 
. the best Epidural Catheter, 











You design the best 
Continuous Epidural 
Anesthesia Tray. 










——M—— € ym A E 


3f 


"m 


PORTEX 


(Pe ee V " "UNIES 3T =A wes eR em Se i ee ae ae 
La Re st ra mis "Sy EX e TM N E JO SE SP ee 
- > e l SA G +» 
4 » > é ` v) 


$ 
I 
, 


(A LOS 


" 
' 


j 5 J 
i 
t 
4 


. ground to guard against accidental tissue 


*Pontocaine is Winthrop Laboratories: trademark 
**Xylocaine is Astra Pharmaceutical Products — « 




























There's a very important safety point in our 
new "C^ Series spinal tray line: An exclusive 
5 micron filter aspiration needle. 
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particulate matter filter in its hub, which pro- 
vides assurance against the inadvertent 
injection of glass ampule particles into the 
subarachnoid space. __ 

It comes preattached to our clear 5 cc 
syringe, another safety feature which allows 
complete visualization of the drug mixture. 


PLUS, ALL THESE OTHER SAFETY 
AND CONVENIENCE POINTS, TOO. 


A light, clean spinal needle. We use our 
own spinal needle with a metal hub and light- 
weight nylon tip stylet which is much less 
likely to dislodge. 

And both cannula and stylet are match 


coring. 
Brand name drugs you can rely on, with a 
variety of spinal anesthetics including | 
Pontocaine* Xylocaine** and Lyophilized 
Pontocaine; plus a choice of vasoconstrictors. 
Theres also a clean styrene basin with 
no styrofoam particles to flake off on your 
gloves; a sterilization indicator; three 
unique prep swabs and much more. 
And the price is definitely a point in 


your favor. 
Be sure to see our new "C" 
series. Eire". f 
For samples, just contact your pom 2 
Pharmaseal representative. 4 
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Important option when 
potent parenteral analgesics 
are indicated 


Bi Standard doses of Stadol are as 
effective in relieving pain as standard 
doses of both morphine “and 
meperidine.” ^ 


E By either I.M. or I. V. route—pro- 
vides prompt onset of analgesia, 
achieves peak activity rapidly, main- 
tains effects for 3—4 hours. 


E Distinguished by its favorable side 

effects profile, ^*^ °° *’—low physi- 
cal-dependence liability, limited respi- 
ratory depressant effect, little nausea 


Unsurpassed pain relief 


Moderate to severe pain, all doses I. V 
um Butorphonol tartrate 0.5 mg 
mmm Butorphonol tartrate 1.0 mg 
amm Butorphano! tartrate 2.0 mg 
aum Morphine sulfote 
auum Morphine :ulfate 


Pain relief score 





0 1.0 2.0 3.0 4.0 


Hours after administration 


Average mean pain relief scores 
In response to butorphanol tartrate 
and morphine sulfate 


In this study ~... butorphanol tartrate 

0.5 mg produced greater relief than 
morphine sulfate 2.5 mg and butor- 
phanol tartrate 1.0 and 2.0 mg produced 
greater relief than morphine sulfate 

5.0 mg.” (DelPizzo') 






Morphine 


HO 


and vomiting, and low incidence of 
CNS effects other than sedation. 


E 2 mg. of Stadol produces an order 
of respiratory depression similar to 
that caused by 10 mg. of morphine. 
In contrast to morphine, increasing 
Stadol doses yield greater analgesic 
effect,’ without appreciably increas- 
ing liability for respiratory depres- 
sion.'^ 


Unsurpassed pain relief 


3.5 PE 







Moderate to severe p 
= Butorphono!l | mg. 70 kg 
wmm Butorphonol 2 mg. 70 kg 
3.0 “mmm Butorphono!l 4 mg 70 kg 
wee Meperidine 40 mg 70 kg 
= Meperidine 80 mg 70 kg 
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2.0 


Pain relief score 


0.5 


0 1.0 2.0 3.0 4.0 


Hours after administration 


Average mean pain relief scores 
In response to butorphanol tartrate 
and meperidine hydrochloride | 


In moderate to severe pain, butorphanol 
tartrate provided relief "'.. . that was not 
statistically distinguishable from that 


achieved with 80 mg/70 kg meperidine.” 
(Gilbert et al5) 


Now...in moderate to severe paf 


Pan 





E The low addictive potential of 
Stadol** is underscored by its narcotic 
antagonist properties. 


Stadol is not recommended for 
patients physically dependent on 
narcotics or with significant pre- 
vious narcotic experience. Its use 
in such patients, without prior 
detoxification, will result in induc- 
tion of withdrawal reactions. 


Limited respiratory depressant effect 
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Displacement of PACO; (Torr) 
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Log dose (4g./ kg.) 
Log dose PACO, displacement curves 


In this graph based on alveolar carbon 
dioxide tension (PACO:) measurements, 
the flatter the curve, the less respiratory 
depression. "The flat dose-response curve 
...0f butorphanol may indicate that, 
because of its antagonistic properties, 
there is a limit to its respiratory depres- 
sant effects. (Adapted from Nagashima et al!^) 
Unlike morphine with its steep dose- 
response curve, the magnitude of res- 


piratory depression does not increase in a 
dose-relatod manner with Gtadal within 
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closer to 
the ideal 
parenteral 
analgesic 


The following table shows a side-by-side clinical comparison 
of Stadol with both morphine and meperidine. 
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parameters Meperidine Morphine Stadol 
Indication moderate to moderate to moderate to 
severe pain severe pain severe pain 
Standard I.M. 75-100 mg. 8-10 mg. 2 mg. 
dose (1 to 4 mg.) 
; -— Standard I.V. 50-100 mg. 4—10 mg. 1 mg. 
Low physical-dependence liability dose | (0.5 to 2 mg.) 
alot 3 
like Usual route of IL.M./I.V. I.M./I.V. 
"wey ^ administration 
i Onset of pain 30 minutes 30 minutes less than 30 
ore relief I.M., very I.M., very minutes I.M., 
rapidly I.V. rapidly I.V. very rapidly I.V. 







within 1 hour within 1 hour 
I.M., within I.M., within 


20 minutes I. V. 30 minutes I.V. 
Duration of pain | slightly less 


about 4 hours 3-4 hours 
relief I.M./I.V. than morphine i 
0 5 10 15 20 25 30 | 
Initial days on drug | Addicting high i Weed low 
| potential 
 ————— 


Preference scores completed by subjects | 


Peak analgesic ^ within 1 hour 
activity I.M., within 
30 minutes I.V. 










ike 
slightly | 





Don't 
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Butorphanol (48 mg./day) 





| 








Respiratory dose-related 


dose-related limited depres- 
effects depression 


depression sion—no appre- 
ciable dose- 
related increase 
within the range 
of recommended 
doses. 


during chronic butorphanol tartrate 

administration compared with scores 

from three other groups of subjects re- | 
ceiving 30, 120 and 240 mg. of morphine | 
daily. (Adapted from Jasinski et al2*) | 











Data for this table were obtained from: Jaffe, J. H. and Martin, W. R.: Narcotic analgesics and 


m| BRISTOL LABORATORIES antagonists, in The Pharmacological Basis of Therapeutics (Goodman, L. S. and Gilman, A., eds.), 
BRISTOL Div. of Bristol-Myers Company ed. 5, New York, Macmillan, 1975, pp. 245—283; AMA Drug Evaluations, ed. 3, Chicago, 1977, 
Syracuse, New York 13201 pp. 325—339; and from manufacturer recommendations. 
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to severe pain... 
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INDICATIONS AND USAGE — 

Stadol is recommended for the relief of moderate to severe pain. 
CONTRAINDICATIONS — Stadol should not be administered to patients who have 
been shown to be hypersensitive to it. 

WARNINGS — Patients physically dependent on narcotics: Because of its an- 
tagonist properties, Stadol is not recommended for patients physically dependent on 
narcotics. Detoxification in such patients is required prior to use. 

Due to the difficulty in assessing addiction in patients who have recently received sub- 
stantial amounts of narcotic medication, caution should be used in the administration of 
Stadol. Detoxification of such patients prior to usage should be carefully considered. 
Drug dependence: Special care should be exercised in administering Stadol to emo- 
tionally unstable patients and to those with a history of drug misuse. When long-term 
therapy is contemplated, such patients should be closely supervised. Even though 
Stadol has a low physical-dependence liability, care should be taken that individuals 
who may be prone to drug abuse are closely supervised. It is important to avoid in- 
creases in dose and frequency of injections ^ the patient and to prevent the use of the 
drug in anticipation of pain rather than for the relief of pain. 

Head injury and increased intracranial pressure: Although there is no clinical ex- 
perience in patients with head injury, it can be assumed that Stadol, like other potent 
analgesics, elevates cerebrospinal uid pressure. Therefore the use of Stadol in cases of 
head injury can preduce effects (e.g., miosis) which may obscure the clinical course of 
patients with head injuries. In such patients Stadol must be used with extreme caution 
and only if its use is deemed essential. 

Cardiovascular effects: Because Stadol increases the work of the heart, especially the 
pulmonary circuit (see Clinical Pharmacology), the use of this drug in acute myocardial 
infarction or in cardiac patients with ventricular dysfunction or coronary insufficiency 
should be limited to those who are hypersensitive to morphine sulfate or meperidine. 
PRECAUTIONS — Certain respirctory conditions: Because Stadol causes some res- 
piratory depressior, it should be administered only with caution and low dosage to pa- 
tients with respiratory depression (e.g., from other medication, uremia, or severe infec- 
tion), severely limited respiratory reserve, bronchial asthma, obstructive respiratory 
conditions, or cyanosis. 

Impaired renal or hepatic function: Although laboratory tests have not indicated 
that Stadol causes or increases renal or hepatic impairment, the drug should be ad- 
ministered with caution to patients with such impairment. Extensive liver disease may 
predispose to greater side effects and greater activity from the usual clinical dose, pos- 
sibly the result of decreased metabclism of the drug by the liver. 

Biliary surgery: Clinical studies have not been done to establish the safety of Stadol 
administration to patients about to undergo surgery of the biliary tract. 

Usage in pregnancy: The safety of Stadol for use in pregnancy has not been estab- 
lished; therefore, this drug should be used in pregnant patients only when, in the judg- 
ment of the physician, its use is deemed essential to the welfare of the patient, 

Reproduction studies have been performed in rats, mice, and rabbits and have re- 
vealed no evidence of impaired fertility or harm to the fetus due to Stadol at about 2.5 
to 5 times the human dose. 

Usage in labor and delivery: Safety to the mother and fetus following administration 
of Stadol during labor and deliver, has not been established. 

Usage in nursing mothers: The use of Stadol is not recommended in nursing mothers 
since it is not known whether this drug is excreted in human milk. 

Pediatric use: Safety and efficacy in children below age 18 years have not been estab- 


ished. 
ADVERSE REACTIONS — The most frequent adverse reactions in 1250 patients treated 
with Stadol are: secation (503, 40%), nausea (82, 6%), clammy/sweating (76, 6%). 

Less frequent reactions are: headache (35, 3%), vertigo (33, 3%), floating feeling 
(2: Y ), dizziness (23, 296), lethorgy (19, 296), confusion (15, 195), lightheadedness 

, 1926). 

Other adverse reactions which may occur (reported incidence of less than 1 %) are: 
CNS effects: nervousness, Mucha fupe agitation, euphoria, hallucinations 
Autonomic effects: flushing and warmth, dry mouth, sensitivity to cold 
Cardiovascular: palpitation, increase or decrease of blood pressure 
Gastrointestinal: vomiting 
Respiratory: slowing of respiration, shallow breathing 
Dermatological: rash or hives 


Eye: diplopia or blurred vision 
OVERDOSAGE — Manifestations: Although there have been no experiences of over- 
dosage with Stadol during clinical trials, this may occur due to accidental or intentional 
misuse as well as therapeutic use. Based on the pharmacology of Stadol, overdosage 
could produce some degree of respiratory depression and variable cordiovascular and 
central nervous system effects. 
Treatment: The immediate treatment of suspected Stadol overdosage is. intravenous 
naloxone. The respiratory and cardiac status of the patient should be evaluated con- 
stantly and appropriate supportive measures instituted, such as oxygen, intravenous 
fluids, vasopressors, and assisted or controlled respiration. 
DOSAGE AND ADMINISTRATION — Adults: Intramuscular —The usual recom- 
mended single dose is 2 mg. This may be repeated every three to four hours, as neces- 
sary, The effective dosage range, depending on the severity of pain, is 1 to 4 mg. re- 
peated every three to four hours. At this time, there is insufficient clinical.dato fo rec- 
ommend single doses beyond 4 mg. 
Intravenous — The usual recommended single dose for intravenous administration is ] 
mg. repeated every three to four hours as necessary. The effective c range, de- 
pending on the severity of pain, is 0.5 to 2 mg. repeated every three to four hours. 
Children: Since there is no clinical experience in children under 18 years, Stadol is not 
recommended in this age group. 
Storage conditions: When stored at room temperature, the stability of the solution in 
vials is 2 years. 
SUPPLY — Stado! (butorphanol tartrate) Injection for I.M. or I. V. use, 2 mg. per ml., 
2-mi. vial; } mg. per ml., 1-ml. vial; 2 mg. per ml., 1-ml. vial; 2 mg. per ml., 10-ml. 
multi-dose vial, 
NDC 0015-5644 —2 mg. per ml., 2-mi. vials 
NDC 0015-5645— 1 mg. per mi., 1-ml. vials 
NDC 0015-5646—2 mg. per mi., 1-ml, viats 
NDC 0015-5648—2 mg. per ml., 10-ml. multi-dose vials 

For information on package sizes available, refer to the current price schedule. 


BRISTOL LABORATORIES 


BRISTO Div. of Bristol-Myers Company 


Syracuse, New York 13201 








(1) 8/18/78 


MC4021 . 3/79 Printed in U.S.A, 


BUTORPHANOL BIBLIOGRAPHY: 1. DelPizzo, A.: Butorphanol, a new 
intravenous analgesic: Double-blind comparison with morphine sulfate in 
postoperative patients with moderate or severe pain, Curr. Ther. Res. 
20:221, 1976. 2. Tavakoli, M. et al: Butorphanol and morphine: A 
double-blind comparison of their parenteral analgesic activity, Anesth. 
Analg. 55:394, 1976. 3. Dobkin, A. B. et al: Butorphanol: A double-blind 
evaluation in postoperative patients with moderate or severe pain, Can, 
Anaesth. Soc. J. 21:600, 1974. 4. Lippmann, M. et al: Butorphanol and 
morphine: A double-blind multiple intramuscular dose comparative safety 
and efficacy study in patients with postoperative pain, Curr. Ther. Res. 
21:427, 1977. 5. Gilbert, M. S. et al: Intramuscular butorphanol and 
meperidine in postoperative pain, Clin. Pharmacol. Ther. 20:359, 1976. 

6. Galloway, F. M. et al: Comparison of analgesia by intravenous 
butorphanol and meperidine in patients with post-operative pain, Can. 
Anaesth. Soc. J. 24:90, 1977. 7. Comunale, F. L. and Filtzer, H. S.: 
Double-blind comparison of butorphanol, a new parenteral analgesic, and 
meperidine in the treatment of postoperative pain, Curr. Ther. Res. 22:116, 
1977. 8. DelPizzo, A.: Double-blind evaluation of butorphanol and 
meperidine given intramuscularly before anesthesia, Curr. Ther. Res. 
20:763, 1976. 9. Dobkin, A. B. et al: Butorphanol ond pentazocine in 
patients with severe postoperative pain, Clin. Pharmacol. Ther. 18:547, 
1975. 10. Gilbert, M. S. et al: Butorphanol: A double-blind comparison 
with pentazocine in post-operative patients with moderate to severe pain, 
J. Int. Med. Res. 4:255, 1976. 11. Dobkin, A. B. et al: Butorphanol 
tartrate: 1. Safety and efficacy in multidose control of postoperative pain, 
Can. Anaesth. Soc. J. 23:596, 1976. 12. Bauer, R. O. et al: Analgesic 
evaluation of butorphanol in patients with postoperative wound pain, Proc. 
West. Pharmacol. Soc. 19:266, 1976. 13. North, W. C. and Tielens, 

D. R.: A comparison of butorphanol and pentazocine as postoperative 
analgesics, abstracted, Clin. Pharmacol. Ther. 21:112, 1977. 14. Kliman, 
A. et al: Clinical experience with intramuscular butorphanol for the 
treatment of a variety of chronic pain syndromes, Curr. Ther. Res. 22:105, 
1977. 15. Zeedick, J. F.: Butorphanol—A new, potent, parenteral 
anolgesic, Curr. Ther. Res. 21:802, 1977. 16. Nagashima, H. et al: 
Respiratory and circulatory effects of intravenous butorphanol and 
morphine, Clin. Pharmacol. Ther. 19:738, 1976. 17. Gordon, M. et al: 
Approaches to the problem of opiate abuse, presented to the Committee on 
Problems of Drug Dependence, Proceedings, 498—513, 1974. 18. Miller, 
M.: Inhibition of ADH release in the rat by narcotic antagonists, 
Neuroendocrinology 19:241, 1975. 19. Monkovié, |. et al: Oxilorphan 
and butorphanol. Potent narcotic antagonists and nonaddicting analgesics 
in the 3,14-dihydroxymorphinan series, Part V, Can. J. Chem. 53:3094, 
1975. 20. Foldes, F. F. et al: Double-blind comparison of the respiratory 
and circulatory effects of intravenous butorphanol and morphine, presented 
to the Committee on Problems of Drug Dependence, Proceedings, 
373-390, 1975. 21. Pircio, A. W. et al: The pharmacology of 
butorphanol, a 3,14-dihydroxymorphinan narcotic antagonist analgesic, 
Arch. Int. Pharmacodyn. Ther. 220:231, 1976. 22. Cavanagh, R. L. et al: 
Antitussive properties of butorphanol, Arch. Int. Pharmacodyn. Ther. 
220:258, 1976. 23. Schurig, J. E. et al: The effects of butorphanol and 
morphine on pulmonary mechanics, arterial blood pressure and venous 
plasma histamine levels in anesthetized dogs, Federation Meetings, 
Proceedings, 546, vol. 35, No. 3, 1976. 24. Jasinski, D. R. et al: 
Progress Report on Studies from the Clinical Pharmacology Section of the 
Addiction Research Center, Problems of Drug Dependence, Proceedings, 
112-120, 1976. 25. Dobkin, A. B. et al: Butorphanol tartrate: 2. Safety 
and efficacy in balanced anesthesia, Can. Anaesth. Soc. J. 23:601, 1976. 
26. Swain, H. H. et al: Evaluation of new compounds for morphine-like 
physical dependence in the rhesus monkey, Report of the Committee on 
Problems of Drug Dependence, addendum, 693-696, 1973. 27. Jasinski, 
D. R. et al: Progress Report on Studies from the Clinical Pharmacology 
Section of the Addiction Research Center, Committee on Problems of Drug 
Dependence, Proceedings, 136-149, 1975. 28. Houde, R. W. et al: 
Annual Report of the Analgesic Studies Section of the Memorial 
Sloan-Kettering Cancer Center, Reported to the Committee on Problems of 
Drug Dependence, Proceedings, 149—168, 1976. 29. Kallos, T. and 
Caruso, F. S.: Respiratory effects of butorphanol, abstracted, Clin. 
Pharmacol. Ther. 21:107, 1977. 30. Oh, S. J.: Experimental 
pentazocine-induced fibrous myopathy, Ala. J. Med. Sci. 14:64, 1977. 

31. Lippmann, M. et al: Analgesic onset time of I. V. butorphanol in 
postsurgical patients: A placebo-controlled study, Curr. Ther. Res. 22:276, 
1977. 32. Andrews, |. C.: Butorphanol and pentazocine: A double-blind 
intramuscular comparison in patients with moderate to severe postoperative 
pain, Curr. Ther. Res. 22:697, 1977. 33. Zeedick, J. F.: Efficacy and safety 
evaluation of butorphanol in postoperative pain, Curr. Ther. Res. 22:707, 
1977. 34. Roebel, L. E. et al: The effects of butorphanol and morphine on 
terminal bile duct and duodenal activity in anesthetized dogs, The 
Pharmacologist 19:146, (Fall) 1977. 35. Popio, K. A. et al: Hemodynamic 
and respiratory effects of morphine and butorphanol, Clin. Pharmacol. 
Ther. 23:281, 1978. 36. Carter, R. et al: A double-blind clinical 
evaluation of butorphanol and pentazocine in the alleviation of pain 
following gynecological therapy, Curr. Ther. Res. 23:48, 1978. 

37. Stehling, L. C. and Zauder, H. L.: Double-blind comparison of 
butorphanol and meperidine in the treatment of post-surgical pain, J. Int. 
Med. Res. 6:306, 1978. 38. Monkovié, I. et al: Total synthesis and 
pharmacological activities of N-substituted 3,14-dihydroxymorphinans, J. 
Am. Chem. Soc. 95:7910, 1973. 39. Monkovié, I. et al: A stereoselective 
total synthesis of 14-hydroxymorphinans. Grewe approach, J. Am. Chem. 
Soc. (accepted). 





We'll take you on a safer 
journey than you've 
ever made through 
the body's central veins. 





1 Special heavy-wall Teflon* catheter over 
e 20 Ga. short bevel introducer needle for safer 


placement of wire guide. 

















2 Multi-purpose spring wire guide that com- 
e bines a soft 3mm “J” tip and a straight soft 


tip for maximum procedural flexibility. 





Unique 8” anti-kinking, non-traumatic 


e polyurethane catheter. 


* Du Pont Trademark 


With the only complete CVP kit. 
Adaptable to TPN procedures as well. 


Arrow's aim is to increase safety 
every inch of the way. And in line with 
that aim, we've modified many of the 
components used in existing proce- 
dures. And combined them all in a 
series of precision-packed kits. 

The Central Vein Catheterization Kit 


The Arrow 
Central Vein 
Catheterization 
Kit 

(for subclavian, external and internal 
jugular vein catheterization). 


Product No. AK-04200 


9 1979 Arrow International 


is one of them. 

It aggregates all components 
necessary for percutaneous catheter- 
ization of any central vein (using the 
Seldinger technique) in one 
sterile package. 

While specific products are avail- 
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able for specific sites, this product 
allows the physician to dictate the 
puncture site rather than being limited 
by narrow product design. 

This kit is another step towards 
Arrow's target of maximizing safety 
for you and your patients. 


ARROW 


INTERNATIONAL, INC. 


Hill and George Avenues 
Reading, Pennsylvania 19610 
215-378-0131 * 800-523-8446 





HIGH-RISK PATIENE 
LOW-RISK ANESTHESIA 
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. At either end of the age spectrum. the pediatric or 





Features you need... 

Smooth, rapid onset of anesthesia, profound anal- 
gesia, IM or IV administration. Little risk of liver 
damage or buildup of tolerance following repeated 
procedures. Ketalar usually strengthens, rather than 
depresses, blood pressure, pulse rate and respira- 
tion. When necessary, it permits maintenance of 
unaided respiration because of minimal relaxation of 
skeletal muscles or laryngeal-pharyngeal reflexes. 


for the patients who need them 


geriatric patient. The patient in shock, or with 

shock potential. Patients in whom establishing an IV 
route of administration is difficult. The burn patient 
requiring repeated dressing changes. Patients 
requiring manipulative or diagnostic procedures. 
The debilitated patient. The emergency patient who 
may not have an empty stomach. 


$1979 Warner-Lambert Company 


BRiEF SUMMARY OF PRESCRIBING INFORMATION. 


SPECIAL NOTE 
EMERGENCE REACTIONS HAVE OCCURRED IN APPROXIMATELY 12% OF E 
PATIENTS 

THE PSYCHOLOGICAL MANIFESTATIONS VARY IN SEVERITY BETWEEN 
PLEASANT, DREAMLIKE STATES. VIVID IMAGERY, HALLUCINATIONS, AND 
EMERGENCE DELIRIUM IN SOME CASES. THESE STATES HAVE BEEN ACCOM- 
PANIED BY CONFUSION, EXCITEMENT. AND IRRATIONAL BEHAVIOR WHICH 
A FEW PATIENTS RECALL AS AN UNPLEASANT EXPERIENCE. THE DURATION 
ORDINARILY LASTS NO MORE THAN A FEW HOURS: IN A FEW CASES, 
HOWEVER. RECURRENCES HAVE TAKEN PLACE UP TO 24 HOURS POSTOPER- 
ATIVELY NO RESIDUAL PSYCHOLOGICAL EFFECTS ARE KNOWN TO HAVE 
RESULTED FROM USE OF KETALAR. 

THE INCIDENCE OF THESE EMERGENCE PHENOMENA IS LEAST IN THE 
YOUNG (15 YEARS OF AGE OH LESS) AND ELDERLY (OVER 65 YEARS OF AGE) 
PATIENT. ALSO. THEY ARE LESS FREQUENT WHEN THE DRUG IS GIVEN 
INTRAMUSCULARLY ` 

THESE REACTIONS MAY BE REDUCED IF VERBAL. TACTILE, AND VISUAL 
STIMULATION OF THE PATIENT IS MINIMIZED DURING THE RECOVERY PERIOD. 
THIS DOES NOT PRECLUDE THE MONITORING OF VITAL SIGNS. IN ADDITION. 
THE USE OF A SMALL HYPNOTIC DOSE OF A SHORT-ACTING OR ULTRA- 
SHORT-ACTING BARBITURATE MAY BE REQUIRED TO TERMINATE A SEVERE 
EMERGENCE REACTION. THE INCIDENCE OF EMERGENCE REACTIONS IS 
REDUCED AS EXPERIENCE WITH THE DRUG IS GAINED. 

WHEN KETALAR IS USED ON AN OUTPATIENT BASIS, THE PATIENT SHOULD 
NOT BE RELEASED UNTIL RECOVERY FROM ANESTHESIA IS COMPLETE 
AND THEN SHOULD BE ACCOMPANIED BY A RESPONSIBLE ADULT 


CONTRAINDICATIONS 

Ketamine hydrochloride is contraindicated in those in whom a significant elevation of 
biood pressure would constitute a serious hazard and those who have shown hyper- 
sensitivity to the drug 


WARNINGS 

! Ketalar should be used by or under the direction of physicians experienced in 
administering generat anesthetics and in maintenance of an airway and inthe control 
of respiration 

2. Cardiac function should be continually monitored during the procedure in 
patients found to have hypertension or cardiac decompensation. 

3. Barbiturates and Ketatar. being chemcially incompatible because of precipitate 
formaton. should not be injected from the same syringe. 

4 Proionged recovery time may occur if barbiturates and/or narcotics are used 
concurrently with Ketalar 

9 Postoperative confusional states may occur during the recovery period. 

6 Respiratory depression may occur with overdosage or too rapid a rate of admin- 
istration of Ketalar. in which case supportive ventilation should be employed. 
Mechanical support of respiration is preferred to administration of analeptics. 
Usage in Pregnancy: Since the safe use in pregnancy, including obstetrics (either 
vaginal or abdominai delivery). has not been established. such use is not 
recommended 
PRECAUTIONS 

|. Because pharyngeal and laryngeal reflexes are usually active, Ketalar (ketamine 
HCl injection) shouid not be used alone in surgery or diagnostic procedures of the 
pharynx, larynx. or bronchial tree. Mechanical stimulation of the pharynx should be 
avoided, whenever possible. if Ketalar is used alone. Muscle relaxants. with proper 
attention to respiration, may be required in both of these instances. 

2. Hesuscitative equipment should be ready for use. 

3. The incidence of emergence reactions may be reduced it verbal and tactile 
stimulation of the patient is minimized during the recovery period This does not 
preclude the monitoring of vital signs (see Special Note). 

4. The intravenous dose should be administered over a period of 60 seconds. More 
rapid administrahon may result in respiratory depression or apnea and enhanced 
pressor response 

5. In surgical procedures involving visceral pain pathways. Ketalar should be 
supplemented with an agent which obtunds visceral pain. 

6 Use with caution in the chronic alcoholic and the acutely alcohol«ntoxicated 
patent 

7 Anincrease in cerebrospinal fluid pressure has been reported following admirus- 
tration of ketamine hydrochionde. Use with extreme caution in patients with pre- 
anesthetic elevated cerebrospinal fluid pressure. 


ADVERSE REACTIONS 

Cardiovascular: Blood pressure and pulse rate are frequently elevated following 
administration of Ketalar. However. hypotension and bradycardia have been 
observed. Arrhythmia has also occurred. 

Respiration: Although respiration is frequently stimulated, severe depression of 
respiration or apnea may occur following rapid intravenous administration of high 
doses of Ketalar (ketamine HCl injection). Laryngospasms and other forms of airway 
obstruction have occurred during Ketalar anesthesia. 

Eye Dipiopia and nystagmus have been noted following Ketalar administration. 
it also may cause a sight elevation in intraocular pressure measurement. 

Psychological: (See Special Note). 

Neurological. in some patients. enhanced skeletal muscle tone may be manifested 
by tonic and clonic movements sometimes resembling seizures (see Dosage and 
Administration) 

Gastrointestinal Anorexia. nausea and vomiting have been observed: however this 
iS not usually severe and allows the great majority of patients to take liquids by, 
mouth shortly after regaining consciousness (see Dosage and Administration). 

General Local pain and exanthema at the injection site have infrequently been 
reported. Transient erythema and/or morbiliform rash have also been reported. 


HOW SUPPLIED 
Ketalar is supphed as the hydrochloride in concentrations equivalent to ketamine 
base 

N 0071-4581-15--Each 50-ml vial contains 10 mg/ml Supplied in cartons of 10. 
N 007 1-4581 12 — Each 20-ml vial contains 10 mg/ml. Supplied in cartons of 10 
N O071-4582-10 - Each 10-mi vial contains 50 mg/ml. Supplied in cartons of 10 
N 0071-4585-08 —Each 5-mi vial contains 100 mg/ml. Supplied in cartons of 10. 
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PARKE-DAVIS 


PARKE-DAVIS 
Division of Warner-Lambert Company 


PD-JA-2645-1-P (4-79) Morris Plains, Nd 07950 
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NARCAN 


naloxone H 











NEUTRALIZES THE an 


NARCAN reverses 

narcotic-induced 

respiratory depression 
e has no morphine-like activity 


* will not cause any depression of its own 
| or augment non-narcotic depression 


e dosage can be titrated to reverse 
respiratory depression and maintain 
adequate analgesia 


Useful when narcotic/N;O 
anesthesia is employed 


Potent, reliable and 
fast acting 


e response is usually evident within 
a 2-3 minutes after I.V. administration and 
only slightly longer I.M. 


e can be used I. V., I.M. or subcutaneously 
according to the patient's need for 
immediacy and duration of narcotic 
antegonism 


NARCAN? is an Endo registered U.S. trademark; U.S. Pat. 3,254,088 





The duration of activity of some 
narcotics may exceed that of 
NARCAN* Observe the patient 
closely and give repeat doses of 
NARCAN' if needed. 


Also available, 
NARCAN NEONATAL 
naloxone HCI 


Please see next page for complete 
prescribing information. 


€ndo Loboratories.Inc. 


Subsidiary of E.I. du Pont de Nemours & Co. (Inc.) 
Garden City, New York 11530 





NARCAN 


naloxone HCI 


DESCRIPTION NARCAN* (naloxone hydrochloride), a narcotic antagonist, is a synthetic congener 
of oxymorphone. In structure it differs from oxymorphone in that the methyl group on the nitrogen 
atom is replaced by an ally! group 


CH, ad CH zÓMH, 
N 


eui 


HO 


NALOXONE HYDROCHLORIDE 
— (3-17-Allyl-4, 5a-epoxy-3, 14- — 
dihydroxymorphinan-6-one hydrochloride 





Naloxone hydrochlorice occurs as slightly off-white crystals, and is soluble in water, slightly solu- 
bie in alcohol and prectically insoluble in ether. 


NARCAN™® (naloxone hydrochloride) injection is available in two concentrations. 0.02 mg and 0.4 
mg of naloxone hydrochloride per mi. Each ml of either strength contains 8.6 mg of sodium chio- 
ride; and 2.0 mg of methylparaben and propylparaben as preservatives in a ratio of 9 to L pH is 
adjusted with hydrochloric acid. 


ACTIONS NARCAN " (naloxone hydrochioride) is an essentially pure narcotic antagonist, ieit 
does not possess the “agonistic” or morphine-like properties characteristic of other narcotic 
antagonists; NARCAN® (naloxone hydrochloride) does not produce respiratory depression, psy- 
chotomimetic effects or pupillary constrction. In the absence of narcotics or agonistic effects of 


other narcotic antagonists it exhibits essentially no pharmacologic activity. 


In the presence of physical dependence on narcotics NARCAN® (naloxone hydrochlonde) will 
produce withdrawal symptoms; it has not been shown to produce tolerance nor to cause physical 
or psychological dependence. 


When NARCAN* (naloxone hydrochloride) is administered intravenously the onset of action is gen- 
erally apparent within two minutes; the onset of action is only slightly less rapid when it is 
administered subcutaneously or intramuscularly. The duration of action is dependent upon the 
dose and route of administration of NARCAN * (naloxone hydrochloride). Intramuscular ad- 
ministration produces a more prolonged effect than intravenous administration. The requirement 
for repeat doses of NARCAN* (naloxone hydrochloride), however, will also be dependent upon the 
amount, type and route of administration of the narcotic being antagonized. 


INDICATIONS NARCAN" (naloxone hydrochloride) is indicated for the complete or partial reversal 
of narcotic depression, including respiratory depression, induced by natural and synthetic narcot- 
ics. propoxyphene and the narcotic- antagonist analgesic pentazocine. NARCAN * (naloxone hydro- 
chioride) is also indicated for the diagnosis of suspected acute opiate overdosage. 


CONTRAINDICATIONS NARCAN * (naloxone hydrochloride) is contraindicated m patients known to 
be hypersensitive to it. 


WARNINGS NARCAN * (naloxone hydrochloride) should be administered cautiously to persons 
including newborns of mothers who are known or suspected to be physically dependent on 
opioids. In such cases an abrupt and complete reversal of narcotic effects may precipitate an 
acute abstinence syndrome. 


The patient who has satisfactorily responded to NARCAN * (naloxone hydrochloride) should be 

*kept under continued surveillance and repeated doses of NARCAN* (naloxone hydrochloride) 
should be administered, as necessary, since the duration of action of some narcotics may exceed 
that af NARCAN ^ (na'oxone hydrochloride). 


NARCAN * (naloxone hydrochloride) is not effective against respiratory depression due to non- 
opioid drugs. 

Usage in Pregnancy Safe use of NARCAN™ (naloxone hydrochloride) during pregnancy (other than 
labor) has not been established. Animal reproduction studies have not demonstrated teratogenic 


of other embryotoxic effects (See ANIMAL PHARMACOLOGY AND TOXICOLOGY). However, NARCAN * 
(naloxone hydrochloride) should be administered to pregnant patients only when, in the judgment 
of the physician, the potential benefits outweigh the possible hazards. 


PRECAUTIONS in addition to NARCAN* (naloxone hydrochloride), other resuscitative measures 
such as maintenance of a free airway, artificial ventilation. cardiac massage, and vasopressor 
agents should be available and employed when necessary to counteract acute narcotic poisoning. 


in an isolated report two patients with pre-existing ventricular irritability requiring lidocaine, and 
either isoproterenol or epinephrine fer hypotension following cardiopulmonary bypass procedures, 
Geveloped ventricular tachycardia or fibrillation when given NARCAN™ (naloxone hydrochloride) 
LV. at 3 and 14 hours, respectively, postoperatively for persistent unresponsiveness. Although a 
direct cause and effect relationship has not been established, NARCAN* (naloxone hydrochloride) 
should be used with caution in patients with cardiac irritability. 


ADVERSE REACTIONS in rare instances nausea and vomiting have been reported in postoperative 
patients receiving NARCAN* (naloxone hydrochtoride) in doses higher than that recommended: a 
cause and effect relationship has not been established. 


DOSAGE AND ADMINISTRATION NARCAN * (naloxone hydrochloride) may be administered intraven- 
ously. intramuscularly, or subcutaneously. The most rapid onset of action is achieved by 
intravenous administration and it is recommended in emergency situations. 


Since the duration of action of some narcotics may exceed that of NARCAN" (naloxone hydrochlo- — 
ride) the patient should be kept under continued surveillance and repeated doses of NARCAN™ 
(naloxone hydrochloride) should be administered, as necessary. 


USAGE IN ADULTS Narcotic Overdose — Known or Suspected The usual initial adult dose is 0.4 
mg (1 ml) NARCAN* (naloxone hydrochloride) administered LV., 1.M. or S.C. If the desired degree 
ot counteraction and improvement in respiratory function is not obtained immediately, it may be 
repeated intravencusly at 2 to 3 minute intervals. Failure to obtain significant improvement after 
2 or 3 doses suggests that the condition may be due partly or completely to other disease proc- 
esses or non-opioid drugs. 

Past Operative Narcotic Depression For the partial reversal of narcotic depression following the 
use of narcotics during surgery, smaller doses of NARCAN® (naloxone hydrochloride) are usually 
sufficient. The dose of NARCAN™ (naloxone hydrochloride) should be titrated according to the 
patient's response. Excessive dosage of NARCAN® (naloxone hydrochloride) may result in signifi- 
cant reversal of analgesia and increase in blood pressure. Similarly. too rapid reversal may 
induce nausea, vomiting, sweating or tachycardia. 

For the initial reversal of respiratory depression, NARCAN® (naloxone hydrochloride) should be 
injected in increments of 0.1 to 0.2 mg intravenously at two to three minute intervals to the 
desired degree of reversal ie.. adequate ventilation and alertness without significant pain or dis- 
comfort. 

Repeat doses of NARCAN* (naloxone hydrochloride) may be required within one to two hour inter- 
vals depending upon the amount, type (i.e., short or jong acting) and time interval since last 
administration of narcotic. Supplemental intramuscular doses have been shown to produce a 
longer lasting effect 

USAGE IN CHILDREN Narcotic Overdose — Known or Suspected The usual initial child dose is 
0.01 mg/kg body weight given LV. LM. or S.C. This dose may be repeated in accordance with the 
adult administration guideline. If necessary, NARCAN™ (naloxone hydrochloride) can be diluted 
with sterile water for injection. 

USAGE IN NEONATES Narcotic-induced depression The usual initial dose is 0.01 mg/kg body 
weight administered 1 ¥. LM. or S.C. This dose may be repeated in accordance with adult 
administration guidelines, 

HOW SUPPLIED 0.4 mg/m! of NARCAN™ (naloxone hydrochloride) for intravenous, intramuscular 
and subcutaneous administration, 

Available in 1 ml ampuls in boxes of 10 and 100. 

0.02 mg/ml of NARCAN * (naloxone hydrochloride) NEONATAL INJECTION for intravenous, intra- 
muscular and subcutaneous administration. 

Available in 2 mi ampuls in boxes of 10 and 100 ampuls. 

ANIMAL PHARMACOLOGY AND TOXICOLOGY in the mouse and rat the intravenous LDso is 150 +5 
mg/kg and 109 — 4 mg/kg respectively. In acute subcutaneous toxicity studies in newborn rats 
the LDso (95% CL) is 260 (228-296) mg/kg. Subcutaneous injection of 100 mg/kg/day in rats for 
3 weeks produced only transient salivation and partial ptosis following injections. no toxic effects 
were seen at 10 mg/kg/day for 3 weeks. 

Reproductive studies including fertility, general reproductive performance. embryotoxicity, tera- 
fogenicify, and lactation did not show any abnormality in mice and rats at 10 mg/kg’ day. 


€ndo Laboratories, Inc. 


Subsidiary of E.1. du Pont de Nemours & Co. (Inc.) 
Garden City, N.Y. 11530 
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Why your hospital needs a 
defibrillator on every floor. 


All hospital elevators are notoriously slow. And 

with good reason, because ina hospital, the elevators 
are really freight elevators to move people and 
patients, equipment and supplies. 

But when a life is ticking away, you cant afford to 
be waiting fcr the elevator. Will it come straight down’? 
Or will it stoo on another floor to pick up a patient 
cn a gurney or to move on a food cart or to pick up 
linen or to transport visitors? Who knows? All you 
really know is that a life is ticking away and you re 
waiting for tne elevator. 

Considering what's at stake, and considering the 
relatively low cost of defibrillators, your hospital 
cant possibly make a wiser investment than installing 
an emergercy cart on every floor. A Physio-Control 
emergency cart. Topped by a Physio-Control 
Lifepak 6 defibrillator/monitor. Then you re pro- 
tected. And so are your people. And so are 
your patients. 

The time to do it Is NOW. 





Only Physio-Control 


makes the Lifepak: 








THE WORLD 
S ITS PROVING GROUND 


More widely investigated than any other inhalation anesthetic. 
Association with hepatotoxicity extremely rare. 





Risk of liver toxicity from the use of FLUOTHANE® 
(halothane, U.S.B) has been shown to be extremely 
rare. — ned jaundice following anesthesia with 
halothane '"... was a rare occurrence (approximately 
1: 30,000 B strations) and. ue overall safety record 
ol the isti WCS Excel en 

These are conclusions drawn from the United states 
National Halothane Study, a 1 comprehensive retrospec- 

tive analysis covering 856,1 O00 general anesthesias— 

nearly one-third using FLUOTHANE. 

On the basis of postoperative morbidity for aii types 
of operations, including high risk, the incidence for 
FLUOTHANE was 1.87265... compared with the 1.9376 


Uu 
average for ail anesthetic Se oid 


Over 450 million administrations worldwide. 

More anesthesiologists throughout tne world choose 
FLUOTHANE more often than any other inhalation anes- 
thetic. To date, there have been well over 110 million 

administrations in the United States alone... for a wide 
variety of procedures and techniques in patients 
ot all ages. 


fT 


References: i. Brown. BR. and Sines. LG: Commenter Bietransiormueson and hepatoroxecuy er naiethut 


FLUOTHANE 


(halothane U.S.P) 


the most widely used inhalation 
anesthetic in the world 








* See following page for full prescribing information. 


the most widely used inhalation 


anesthetic in the world 


FLUOTHANE 


BRAND OF 


halothane U.S.P 
for patients of any age 





in almost any kind of surgery 


(Complete text of package circular.) 


Description. FLUOTHANE, brand of halo- 
thane, U.S.P, is an inhalation anesthetic. 
It is 2-bromo-2-chloro-1, 1, 1-trifluoro- 
ethane and has the following structural 
formula: 

F Br 





F C—cC 





Cl 


F H 


The specific gravity is 1.872-1.877 at 
20° C, and the boiling point (range) is 49° 
C-51° C at 760 mm Hg. The vapor pres- 
sure is 243 mm Hg at 20° C. The blood/ 
gas coefficient is 2.5 at 37? C, and the 
olive oil/water coefficient is 220 at 37° C. 
Vapor concentrations within anesthetic 
range are nonirritating and have a pleas- 
ant odor. FLUOTHANE is nonflammable, 
and its vapors mixed with oxygen in pro- 
portions from 0.5 to 50 per cent (v/v) are 
not explosive. 

FLUOTHANE does not decompose in 
contact with warm soda lime. When mois- 
ture is present, the vapor attacks alumi- 
num, brass, and lead, but not copper. 
Rubber, some plastics, and similar mate- 
rials are soluble in FLUOTHANE; such ma- 
terials will deteriorate rapidly in contact 
with FLUOTHANE vapor or liquid. Stability 
of FLUOTHANE is maintained by the addi- 
tion of 0.01 per cent thymol (w/w), and 
storage is in amber colored bottles. 

FLUOTHANE should not be kept indef- 
initely in vaporizer bottles not specifically 
designed for its use. Thymol does not vol- 
atilize along with FLUOTHANE, and there- 
fore accumulates in the vaporizer, and 
naay, in time, impart a yellow color to the 
remaining liquid or to wicks in vaporizers. 
The development of such discoloration 
may be used as an indicator that the va- 
porizer should be drained and cleaned, 
and the discolored FLUOTHANE dis- 
carded. Accumulation cf thymol may be 
removed by washing with diethyl ether. 
After cleaning a wick or vaporizer, make 
certain all the diethyl ether has been re- 
moved before reusing the equipment to 
avoid introducing ether into the system. 
Actions. FLUOTHANE is an inhalation 
anesthetic. Induction and recovery are 
rapid and depth of anesthesia can be rap- 
idly altered. FLUOTHANE progressively 
depressts respiration. There may be 


tachypnea with reduced tidal volume and 
alveolar ventilation. FLUOTHANE 
(halothane, U.S.P) is not an irritant to the 
respiratory tract, and no increase in sali- 
vary or bronchial secretions ordinarily oc- 
curs. Pharyngeal and laryngeal reflexes 
are rapidly obtunded. It causes bronchodi- 
lation. Hypoxia, acidosis, or apnea may 
develop during deep anesthesia. 

FLUOTHANE reduces the blood pres- 
sure, and frequently decreases the pulse 
rate. The greater the concentration of the 
drug, the more evident these changes be- 
come. Atropine may reverse the brady- 
cardia. FLUOTHANE does not cause the 
release of catecholamines from adrenergic 
stores. FLUOTHANE also causes dilation 
of the vessels of the skin and skeletal 
muscles. 

Cardiac arrhythmias may occur during 
FLUOTHANE anesthesia. These include 
nodal rhythm, AV dissociation, ventricular 
extrasystoles and asystole. FLUOTHANE 
sensitizes the myocardial conduction sys- 
tem to the action of epinephrine and 
norepinephrine, and the combination may 
cause serious cardiac arrhythmias. 
FLUOTHANE increases cerebral spinal 
fluid pressure. FLUOTHANE produces 
moderate muscular relaxation. Muscle re- 
laxants are used as adjuncts in order to 
maintain lighter levels of anesthesia. 
FLUOTHANE augments the action of non- 
depolarizing relaxants and ganglionic 
blocking agents. FLUOTHANE is a potent 
uterine relaxant. 

Indications. FLUOTHANE is indicated for 
the induction and maintenance of general 
anesthesia. 

Contraindications. FLUOTHANE is not 
recommended for obstetrical anesthesia 
except when uterine relaxation is required. 
Warnings. When previous exposure to 
FLUOTHANE was followed by unexplained 
jaundice, consideration should be given to 
the use of other agents. 

FLUOTHANE should be used in vapor- 
izers that permit a reasonable approxima- 
tion of output, and preferably of the cali- 
brated type. The vaporizer should be 
placed out of circuit in closed circuit re- 
breathing systems; otherwise overdosage 
Is difficult to avoid. The patient should be 
closely observed for signs of overdosage, 
i.e., depression of blood pressure, pulse 
rate, and ventilation, particularly during 


assisted or controlled ventilation. 

Usage in Pregnancy. Safe use of 
FLUOTHANE (halothane, U.S.P.) has not 
been established with respect to possible 
adverse effects upon fetal development. 
Therefore, FLUOTHANE should not be 
used in women where pregnancy is possi- 
ble and particularly during early preg- 
nancy, unless, in the judgment of the 
physician, the potential benefits outweigh 
the unknown hazards to the fetus. 
Precautions. The uterine relaxation ob- 
tained with FLUOTHANE unless carefully 
controlled, may fail to respond to ergot de- 
rivatives and oxytocic posterior pituitary 
extract. 

FLUOTHANE increases cerebrospinal 
fluid pressure. Therefore, in patients with 
markedly raised intracranial pressure, if 
FLUOTHANE is indicated, administration 
should be preceded by measures ordinari- 
ly used to reduce cerebrospinal fluid pres- 
sure. Ventilation should be carefully as- 
sessed, and it may be necessary to assist 
or control ventilation to insure adequate 
oxygenation and carbon dioxide removal. 

Epinephrine or norepinephrine should 
be employed cautiously, if at all, during 
FLUOTHANE anesthesia since their simul- 
taneous use may induce ventricular 
tachycardia or fibrillation. 

Nondepolarizing relaxants and gangli- 
onic blocking agents should be adminis- 
tered cautiously, since their actions are 
augmented by FLUOTHANE. 

Adverse Reactions. The following adverse 
reactions have been reported: hepatic 
necrosis, cardiac arrest, hypotension, 
respiratory arrest, cardiac arrhythmias, 
hyperpyrexia, shivering, nausea, and 
emesis. 

Dosage and Administration. FLUOTHANE 
may be administered by the nonrebreath- 
ing technic, partial rebreathing, or closed 
technic. The induction dose varies from 
patient to patient. The maintenance dose 
varies from 0.5 per cent to 1.5 per cent. 

FLUOTHANE may be administered with 
either oxygen or a mixture of oxygen and 
nitrous oxide. 

How Supplied. No. 3125—Unit packages 
of 125 ml and 250 ml of halothane, U.S.P, 
stabilized with 0.01% thymol (w/w). 


A t Ayerst Laboratories 7918 
YOTSE) New York, N.Y. 10017 
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CRITICAL CARE. 





The new CRITIKON | 


The company totally 
committed to critical care. 


To create the new Critikon, Johnson & Johnson consolidated these 
established critical care names and product lines into one company: 


e The complete product lines of Jelco Laboratories and Applied Medical 
Research. 


e Blood/gas monitors from Critikon Division, McNeil Laboratories. 


e I.V. infusion pumps and Lanz" tracheal tubes from Extracorporeal 
Medical Specialties. 


This concentration on critical care medicine has some special benefits 
for you and your patients. 


For instance, our sales force is now unified and expanded. Each repre- 
sentative now covers a smaller area, has more time to devote to your 
critical care needs, and is closer than before when you need quick 
service. 

By combining our research teams, we can expand our R & D programs, 
develop new and better products, and improve cost effectiveness. 
And we promise you this — we will service what we sell. If Critikon 
medical electronic equipment should need servicing, we will handle 

it on the spot or at one of our new regional service centers. 

Bigger can mean better. And stronger. Better products and a stronger 
service capability for all of your needs. Critikon — our commitment is to 
critical care. 

Write or call for more information: Critikon, Inc., P.O. Box 22800, Tampa, 
FL 33622. 800-526-3928 (In New Jersey: 201-524-2555.) 


CRITIKON 
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MAP? Noninvasive 
d Pressure Monitors 


| arde Oxygen Monitor 
. Drug Administration Devices 
. JELCO® Disposable Syringes 
* JELCO® Disposable Hypo- 
. dermic Needles 


Vein/Artery Access Devices 


* JELCO® IV. Catheter Place- 
ment Units 
* JELCO® I.V. Catheter Place- 
ment Units with Syringe 
e CATHLON IV? Catheter 
Placement Units 
* JELCO® LV. Catheter Kits _ 
. * JELCO® LV. Prep and Care 
. Kits i 
* JELCO® I.V. Stylet 
* JELCO® Intermittent 
Injection Cap 
* Long-Term Parenteral 
Alimentation Catheter 
(Scribner Type) 


Blood Collection Devices 


* JELCO® Blood Collection 
Needles 





CRITIKON 


The Critical Care Company. 


ucts to take some of the crisis 
out of critical care. 











Intravenous Fluid Management 
Devices 


e Model 2100 SIMPLICITY" - 

Infusion Pump ; 

* HOLTER® Series Infusion 

Pumps 

© TV Tillers a 
n * JELCO® Dispos 

Neede  — — 

* JELCO® Dispos " i 

Tube v 


e JELCO* Espana Nd. 
Probe Il 
Airway Management Devices 


e LANZ™ Endotracheal Tubes 

e LANZ™ Tracheostomy Tubes 

* LANZ™ Tracheostomy Tubes 
with Inner Cannula 


: P.O. Box 22800, 5041 West Cypress Street, Tampa, FL 33622 800-526-3928 (In N.].: 201-524-2555) 





percutaneous Swan-Ganz* 
eous Swan-Ganz 
catheterization with a 
safer way to navigate. 
the body's central veins. 



















2. Precision dilator sheath assembly. (Radiopaque Teflon**) 






1 Extra-safe wire guide 
e with soft tip at both ends. 






a 


W 
3 Unique, separate N 
e Side Port Adapter, 
Luer-lock. 
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*Edwards Laboratories **Du Pont Trademark 


With the first complete Percutaneous Sheath 
Introducer Kit to include a Side Port Adapter. 





Arrow s goal is to increase patient French. The 18 Ga. T.W. X 2'2" additional central line for I.V. continuous 
safety every inch of the way. And in line introducer catheter easily passes the flushing or blood aspiration. 
with that goal, we' ve modified several .035" X 40cm. spring wire guide, allow- Each kit aggregates all components 
of the components used in existing ing the physician to utilize the internal necessary for percutaneous catheter- 
procedures. And combined them all in jugular, subclavian, femoral or ization procedures making it complete, 
a series of precision-packed kits. brachial veins. ready and efficient when and where 
The Percutaneous Sheath Introducer The Arrow Side Port Adapter allows you need it. 
Kit with Side Port Catheter Adapter the introducer sheath to remain in This is yet another step towards 
is one of them. the vessel with the catheter, resisting Arrow's target of maximizing safety for 
The kit contains a matched sheath- back-bleeding around the catheter. you and your patients. 
dilator assembly, either 6, 7, or 8 And provides the physician with an 
The Percutaneous Sheath 


ARROVV 


INTERNATIONAL, INC. 


Hill and George Avenues 
Reading, Pennsylvania 19610 
215-378-0131 * 800-523-8446 


Introducer Kit 
with Side Port 
Catheter Adapter 


(for percutaneous catheter introduction 
of the internal jugular, subclavian, 
femoral or brachial veins). 
Product No. AK-06600 (6 Fr.) 
AK-06700 (7 Fr.) 

AK-06800 (8 Fr.) 


© 
*1979 Arrow International 
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A complete system that has no limits for respiratory care and 

S em. corresponds to the experienced Clinician’s entire capabilities 

The Servo Ventilator System provides instantaneous diagnostic 
possibilities through the CO, Analyzer and Lung Mechanics Calculator 
The clinician can concentrate all his resources on immediate actions to 
save his patient, without restrictions or improvisations. 

Thanks to the electronics, new devices developed from research of 
today and tomorrow are easy to build in or connect to the Servo Ventilator. 


bem — The Servo Ventilator System is limitless. 


For further information 
contact your local Servo Ventilator distributor or write directly to us 


SIEMENS-ELEMA 
Siemens-Elema Ventilator Systems 
1765 Commerce Drive, Elk Grove Village, lil. 60007, Tel. (312)981-4940 


For countries outside U.S.: Siemens-Elema AB, Ventilator Division 
S-17195 Soina, Sweden 
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Servo Ventilator 900B with IMV 


Alarm unit 920 | 
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More protection 
for the newborn 


Matcaine nyérochioride 


bran 


bupivacaine hydrochloride 


with or without! epinephrine 1.200.000 





Indications: Peripheral nerve block, infiltration, sym- 
pathetic block, caudal, or epidural block. 


Contraindication: Marcaine is contraindicated in 
patients with known hypersensitivity to it. 


Warnings: RESUSCITATIVE EQUIPMENT AND 
DRUGS SHOULD BE READILY AVAILABLE WHEN 
ANY LOCAL ANESTHETIC IS USED. 


Usage in Pregnancy. Reproduction studies have been 
performed in rats and rabbits and there is no evidence 
of harm to the animal fetus. The relevance to the 
human is not known. Safe use in pregnant women 
other than those in labor has not been established. 


Until further clinical experience is gained, paracervical 
block with Marcaine is not recommended. Fetal brady- 
cardia frequently follows paracervical block with some 
amide-type local anesthetics and may be associated 
with fetal acidosis. Added risk appears to be present 
in prematurity, toxemia of pregnancy, and fetal distress. 


The obstetrician is warned that severe persistent hy- 
pertension may occur after administration of certain 
oxytocic drugs, if vasopressors have already been 
used during labor (e.g., in the local anesthetic solution 
or to correct hypotension). 


Solutions containing a vasoconstrictor. particularly 
epinephrine or norepinephrine, should be used with 
extreme caution in patients receiving monoamine oxi- 
dase (MAO) inhibitors or antidepressants of the 
triptyline or imipramine types, because severe, pro- 
longed hypertension may result. 


Local anesthetics which contain preservatives, i.e. 
those supplied in multiple dose vials. should not be 
used for caudal or epidural anesthesia. 


Until further experience is gained in children younger 
than 12 years, administration of Marcaine in this age 
group is not recommended. 


Precautions: The safety and effectiveness of local 
anesthetics depend upon proper dosage, correct tech- 
nique, adequate precautions, and readiness for 
emergencies. 


The lowest dosage that gives effective anesthesia 
should be used in order to avoid high plasma levels 
and serious systemic side effects. Injection of re- 
peated doses of Marcaine may cause significant in- 
crease in blood levels with each additional dose, due 
to accumulation of the drug or its metabolites or due 
to slow metabolic degradation. Tolerance varies with 
the status of the patient. Debilitated, elderly patients 
and acutely ill patients should be given reduced doses 
commensurate with age and physical condition. 


Solutions containing a vasoconstrictor should be used 
cautiously in areas with limited blood supply, in the 
presence of diseases that may adversely affect the 
patient's cardiovascular system, or in patients with 
peripheral vascular disease. 


Marcaine should be used cautiously in persons with 
known drug allergies or sensitivities, particularly to 
the amide-type local anesthetics. 


Serious dose-related cardiac arrhythmias may occur 
if preparations containing a vasoconstrictor such as 
epinephrine are employed in patients during or follow- 
ing the administration of chloroform, halothane, cyclo- 
propane, trichlcroethylene, or other related agents. In 


PRODUCT IDENTIFICATION 

















Marcaine HCI Epinephrine* | Methyl- Sodium Thio- Ascorbic 
(brand of (as bitartrate) | paraben Bisulfite glycerol Acid 
bupivacaine HCI) 
% mg./mi. Dilution mg/ml mg/mi —mi/mi mg/ml. 
0.25 25 ~ 1 ~ — -— 
0.25 25 1:200,000 1 0.5 001 2 
0.5 90 -— 1 -— - — 
0.5 5.0 1:200,000 1 05 001 2 
0.75 75 — 
0.75 75 1:200,000 Not Available in Vials 


MULTIPLE DOSE VIAL 





See below for important product information concerning warnings, adverse reactions, patient selection and prescribing and precautionary recommendations. 
—————————————————————————MMM——ÀÀM———M—ÀÉÁÓLg OM PNSUUMUHÓI y T UVUHTIGHUGUUHO. 


deciding whether to use these products concurrently 
inthe same patient, the combined action of both agents 
upon the myocardium, the concentration and volume 
of vasoconstrictor used, and the time since injection, 
when applicable, should be taken into account. 


Caution is advised in administration of repeat doses 
of Marcaine to patients with severe liver disease. 


Adverse Reactions: Reactions to Marcaine are char- 
acteristic of those associated with other amide-type 
local anesthetics. A major cause of adverse reactions 
to this group of drugs is excessive plasma levels, 
which may be due to overdosage, inadvertent intra- 
vascular injection, or slow metabolic degradation. 


Excessive plasma levels of the amide-type local anes- 
thetics cause systemic reactions involving the central 
nervous system and the cardiovascular system. The 
central nervous system effects are characterized by 
excitation or depression. The first manifestation may 
be nervousness, dizziness, blurred vision, or tremors. 
followed by drowsiness, convulsions, unconscious- 
ness, and possibly respiratory arrest. Since excitement 
may be transient or absent, the first manifestation may 
be drowsiness, sometimes merging into unconscious- 
ness and respiratory arrest. Other central nervous 
System effects may be nausea, vomiting, chills, con- 
striction of the pupils, or tinnitus. The cardiovascular 
manifestations of excessive plasma levels may include 
depression of the myocardium, blood pressure 
changes (usually hypotension), and cardiac arrest. In 
Obstetrics, cases of fetal bradycardia have occurred 
(see Warnings). 


Allergic reactions, which may be due to hypersensi- 
tivity, idiosyncrasy, or diminished tolerance, are char- 
acterized by cutaneous lesions (e g., urticaria), edema, 
and other manifestations of allergy. Detection of sen- 
Sitivity by skin testing is of doubtful value. 


Reactions following epidural or caudal anesthesia 
also may include: high or total spinal block; urinary 
retention; fecal incontinence; loss of perineal sen- 
sation and sexual function; persistent analgesia, 
paresthesia, and paralysis of the lower extremities; 
headache and backache; and slowing of labor and 
increased incidence of forceps delivery. 


Treatment of Reactions. Toxic effects of local anes- 
thetics require symptomatic treatment; there is no 
specific cure. The physician should be prepared to 
maintain an airway and to support ventilation with 
Oxygen and assisted or controlled respiration as re- 
quired. Supportive treatment of the cardiovascular 
system includes intravenous fluids and, when appro- 
priate, vasopressors (preferably those that stimulate 
the myocardium). Convulsions may be controlled with 
oxygen and intravenous administration, in small incre- 
ments, of a barbiturate, as follows: preferably. an 
ultrashort-acting barbiturate such as thiopental or thi- 
amylal; if this is not available, a short-acting barbiturate 
(e.g., secobarbital or pentobarbital) or diazepam. Intra- 
venous barbiturates or anticonvulsant agents should 
only be administered by those familiar with their use. 
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1. Ostheimer GW: Obstetrics and local anesthetics: Impli- 
cations for the fetus and newborn. Anesthesiology 
Review 4:17-23, June 1977. 

2. Scanion JW: Obstetric anesthesia as a neonatal risk 
factor in norma! labor and delivery. Clinics in Perina- 
tology 1:465-482. 1974. 


3. Scanion JW, Ostheimer GW, Brown WV. et al: Neuro- 
behavioral responses of newborns after maternal epi- 
dural anesthesia with bupivacaine. Abstracts Annual 
Meeting, Soc. Obstet. Anesth. and Perinat., 1974. 


-BREON BREON LABORATORIES INC. 
90 Park Avenue, New York, N. Y. 10016 


FORMULA 
SINGLE DOSE AMPUL 






Edetate A 












6096 Edetate | Sodium Thio- Ascorbic 60% 
Sodium Caicium | Bisulfite glycerol Acid Sodium Calcium 
Lactate Disodium Lactate Disodium 
mi./ml. mg/ml} mg/mi mi/ml. mg/ml.  mi/m. mg./mi. 
0017 5 001 2 0017 0.1 
0017 0.1 5 001 2 0017 01 
001 2 0017 0.1 


Note: The pH of these solutions is adjusted with sodium hydroxide or hydrochloric acid. Sodium chloride has been added to make each solution isotonic. 
“Solutions of Marcaine that contain epinephrine should not he autoclaved Federal law nrohihits dicnencinn withaut a nracerintian 


More protection 
for the newborn 


i 
E 


A drug of choice for epidural 
anesthesia that results in 


|! decreased placental transfer’ 


ll fewer neurobehavioral changes 
than lidocaine or mepivacaine?s 


Mercaine hydrochloride 


brand of 


bupivacaine hydrochloride 


with or without epinephrine 1:200.000 
See adjacent page for prescribing information. Not recommended for paracervical block 
Model by Hubbard Scientific Co. Northbrook, Ill 





Anesthesia and Analgesia 
BACK ISSUES AVAILABLE 


Available at $3.00 per Issue 
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Vol. Year Numbers Available Vol. Year Numbers Available 
33 1954 - 2 3 4 5 6 41 1962 - 3 4 5 6 
34 1955 1 2 3 4 5 6 42 1963 - - g 4 5 6 
35 1956 1 2 3 - 5 6 43 1964 1 - à 4 5 6 
36 1957 - 2 3 - - 6 44 1965 - 2 3 4 5 6 
37 1958 1 2 3 4 5 6 45 1966 - 2 3 4 5 6 
38 1959 1 2 3 4 5 6 46 1967 - 2 3 4 5 6 
39 1960 - - 3 4 5 6 47 1968 - 2 3 4 5 6 
40 1961 - ~ 3 4 5 6 48 1969 1 2 3 4 5 - 
Available at $4.50 per Issue 
Vol. Year Numbers Available Vol. Year Numbers Available 
49 1970 1 2 - - 5 6 54 1975 - 2 3 - - 6 
50 1971 1 2 3 - ~ - 55 1976 m 2 3 4 5 6 
51 1972 ~ 2 3 - - 6 56 1977 1 2 3 4 5 6 
52 1973 1 2 3 4 5 6 57 1978 1 2 3 4 5 6 
53 1974 - 2 3 4 = - 
Available at $5.50 per Issue 
Vol. Year Numbers Available 
58 1979 1 2 3 4 5 6 
59 1980 1 





SINGLE ISSUES PRIOR TO 1954: Write to publisher at address below for listing of issues available at $2.00 each. 
BOUND VOLUMES AVAILABLE: $8.00— For Years 1947, 1948, 1949; $10.00— For Years 1953, 1955 
OTHER PUBLICATIONS AVAILABLE: 

"Basic and Clinical Physiology of the Liver" (Supplement to Sept.-Oct. 1965 issue)— $3.00. 

Ten-Year (1960-1969) Cumulative Index—$3.00. 

Ten-Year (1970-1979) Cumulative Index—- $3.00. 





International Anesthesia Research Society 

3645 Warrensville Center Rd. 

Cleveland, Ohio 44122 E 
Please send me the publications circled above, or listed hereunder: 


Li Check for $. enclosed. 

[J] Please send bill with understanding that ordered material will be sent when payment is received. 
Name 
PLES RR a a I Al ede sae tai i oe ate ee ae setae Nath ly 
Gil Stalo: ZU i e a Lael tp a ee a neh 
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SUNDAY, MARCH 9th: Registration: 1-7 p.m. 
Exhibits: 1-5 p.m. 

"The Keys of Paradise" (NOVA movie on endorphins) 3-4 p.m. 

Complimentary Informal Reception: 6-7 p.m. 


MONDA Y, MARCH 10th through THURSDAY, MARCH 13th: 
Registration: Daily, coinciding with scientific meeting hours. 
Scientific Program: Monday: 8:30-4:30 p.m. 
Tuesday: 8 a.m.~4:30 p.m. 
Wednesday: 8 a.m.-12 Noon (FREE AFTERNOON) 
Thursday: 8 a.m.-4:15 p.m. 
... A total of 62 scientific papers and 16 Review Course Lectures will be offered in concurrent sessions 
throughout the 3% day scientific meeting. 
... The Becton-Dickinson and Baxter/Travenol Lectures will be given at single sessions at 1:30 p.m. on 
Monday and Tuesday. 


(NOTE: A booklet including the 16 Review Course Lectures and abstracts of the 62 papers will be 
given to attendees as part of their registration. After the meeting this will be available for sale to 
others through the Cleveland business office at $5 per copy.) 


Scientific and Technical Exhibits: In addition to the Sunday exhibit viewing hours, exhibits will be open 
from 10 a.m. to 5 p.m. on Monday and Tuesday; and from 8 a.m. to 12 noon on Wednesday. 






Paid by March 3 At Meeting 


IARS Members, Associate Members $75.00 $85.00 
LARS Educational Members NO FEE NO FEE 
Non-Members $125.00 $135.00 
* New Members $100.00 $110.00 
** Non-Members (residents, nurse trainees) $20.00 $20.00 
*** New Members (residents, nurse trainees) $30.00/$45.00 $30.00/$45.00 


* with membership application 
** with letter from program director 
*** with completed application; $30 for 2-yr., $45 
for 3-yr. membership 





American Medical Association: This Continuing Medical Education offering meets the criteria for 22 
hours of Category 1 credit for the Physicians Recognition Award of the A.M.A. 

Amgrican Association of Nurse Anesthetists: Prior approval pending for 22 AANA continuing education 
credits. 





Registration material will be sent in mid-December to all IARS members, associate members and educational 
members. 


IARS members and others outside of the United States who wish to attend the meeting should advise 
. Cleveland office so that another set of material can be sent airmail. 
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EDITORIAL 


The World Federation of Societies 
of Anesthesiologists and You 


LITTLE less than 30 years ago a small group of 
far-sighted anesthesiologists conceived of an 
organization that would include all the anesthesiolo- 
gists of the world through their respective national 
societies. At that time it was felt that although many 
anesthesia societies existed around the world, the 
creation of an international organization would hasten 
the development of our specialty and raise the prestige 
of anesthesiologists to a greater degree than would be 
possible through the efforts of the individual national 
societies alone. Since membership is by societies, not 
by individuals, the formation of national societies 


< would therefore be encouraged. Thus was the World 


Federation of Societies of Anesthesiologists born. 

In furtherance of its grand objective, official rela- 
tions with the United Nations through its main med- 
ical arm, the World Health Organization, were so- 
licited and subsequently ratified. The World Federa- 
tion of Societies of Anesthesiologists now participates 
in all the deliberations of the various regional meet- 
ings of the World Health Organization and its advice 
concerning worldwide problems in anesthesiology is 
heard. 

One of the most important consequences of these 
official relations with the World Health Organization 
has been the development of two anesthesia training 
centers—one in Caracas, Venezuela and one in Ma- 
nila, The Philippines. Direct assistance in terms of 
fellowships, visiting consultantships, and material aid 
has come from the World Health Organization. This 
assistance, combined with the support of the World 
Federation of Societies of Anesthesiologists and other 
organizations, has resulted in the training of a respect- 
able number of anesthesiologists from the Third 
World. Other centers are being planned in Africa and 
West Asia. 

Equally as important has been the establishment of 
a direct link between the national societies in many 
countries with their governments. Membership in the 
World Federation of Societies of Anesthesiologists 


has given national societies the opportunity to nego- 
tiate directly with their Ministries of Health in resolv- 
ing problems, not only of scientific nature but also of 
political nature. All this has led to progress for our 
specialty, especially in the countries of the Third 
World. 

There is need for more communication, however. 
The general membership of some of the largest soci- 
eties in the Federation is apparently uninformed about 
the Federation and its objectives in spite of the fact 
that these societies have been represented in the 
hierarchy of the Federation for many years. This is 
regrettable because the large societies are in a unique 
position to help the small, struggling societies in more 
ways than one. 

The World Federation of Societies of Anesthesiol- 
ogists has sponsored six World Congresses and 18 
Regional Congresses in the last 24 years. The Regional 
Congresses take place in between the World .Con- 
gresses with the result that international anesthesia 
congresses under the auspices of the World Federa- 
tion of Societies of Anesthesiologists take place 
around the world every 2 years. No doubt commu- 
nication and interaction among anesthesiologists has 
been enhanced by these meetings. In the very near 
future a Visitors’ Exchange Training Program will 
commence wherein two well-known American anes- 
thesiologists will be invited by three Latin-American 
countries to give lectures and demonstrations and, it 
is hoped, to gain a greater insight into the sta-us of 
our specialty in those countries. The World Federa- 
tion of Societies of Anesthesiologists invites all who 
are interested in this type of project to give their 
support. 

There is a growing demand for a more continuous 
form of communication such as a newsletter which 
would be circulated worldwide. This newsletter 
would contain items of interest, both scientific and 
nonscientific, and thus would stimulate closer coop- 
eration among the member societies. This is one area 
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in which more affluent societies could give support 
beyond the mere payment of annual dues. 

Anesthesiology today is in a period of transition— 
a transition that demands correct decisions on the 
part of its leaders due to the widening gap between 
the scientific advances in our field and the safe deliv- 
ery of anesthesia to the individual patient—a transi- 
tion that will determine whether or not anesthesiology 
will continue to be a distinct medical specialty in the 
future or will become a “fossil of history.” 

The World Federation of Societies of Anesthesiol- 
ogists stands for safe anesthesia for all the people of 
the world. The need is critical and may never be 
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adequately filled but as long as the World Federation 
of Societies of Anesthesiologists exists every possible 
effort will be made to accomplish this objective. The 
World Federation is you and you are the World 
Federation. 


Quintin J. Gomez, MD 
President, World Federation of 
^ Societies of Anesthesiologists 
Department of Anesthesiology 
Philippine General Hospital 
Manila, The Philippines 
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Obesity and the Cephalad Spread of 


Analgesia following Epidural 
Administration of Bupivacaine for 


Cesarean Section 


Robert Hodgkinson, MA, MD,* and Farkhanda J. Husain, MDT 


HODGKINSON, R., AND HUSAIN, F. J.: Obesity and the cephalad spread of analgesia following 
epidural administration of bupivacaine for cesarean section. Anesth Analg 59:89-92, 1980. 


Epidural anesthesia using 20 ml of 0.75% bupivacaine at L3-4 with the patient in the left 
lateral position and the table horizontal was employed for cesarean section in 147 A.S.A. 
class 1 or 2 parturients under the age of 35 with a single fetus. The height of the analgesia 
was positively correlated with the body mass index (BMI) (weight in kilograms divided by the 
height in square meters), a measure of adiposity, and with body weight. Both correlations 
were statistically significant ( p « 0.001). There was no statistically significant correlation with 
the patients' height or age. It is concluded that higher levels of epidural block should be 
anticipated in obese obstetrical patients in proportion to their obesity. Twenty milliliters of 
0.7596 bupivacaine must frequently be augmented to provide adequate analgesia for cesarean 
section in thin parturients (BMI below 28) whereas it is too high a dosage for obese patients. 


Key Words: ANESTHETIC TECHNIQUES: epidural; COMPLICATIONS: obesity. 


ROMAGE! describes five factors affecting phys- 
ical spread of local anesthetics within the epi- 
dural space but emphasizes that some of them fre- 
quently correlate poorly with segmental spread of 
analgesia. Height is negatively correlated with spread 
while age is positively correlated. The upright position 
is associated with less cephalad spread and rapid 
injection produces more extensive analgesia. In- 
creased segmental spread is associated with diabetes 
and arteriosclerosis. 
The object of this study was to define factors such 
as the patients' height and obesity which may affect 
the cephalad spread of analgesia following injection 


into the lumbar epidural space of a fixed dose of local 
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anesthetic for cesarean section. The dose was 20 ml 
of 0.75% bupivacaine, which is within the recom- 
mended dose of 18 to 20 ml described by Albright’ 
for epidural anesthesia for cesarean section. We have 
been using 20 ml of 0.7596 bupivacaine for this pur- 
pose for several years preceding this study. Since 
sensory analgesia to T4-6 is required for cesarean 
section, a fixed dose of 20 ml corresponds to a stan- 
dard dose of 1.1 ml per segment. 

To divide the population into the obese and the 
nonobese, like dividing it into the hypertensive and 
normotensive,? is to create an artefact. Similarly, to 
define obesity is to create an artefact. Obesity like 
hypertension is a quantitative disease with quantita- 
tive consequences. The degree of obesity can be de- 
scribed in terms of body mass index (BMI) both 
conveniently and accurately. Keys et al* found that 
the BMI (weight in kilograms divided by height in 
square meters) was superior to the ponderal index 


(3Yweight/height) or weight/cubic height in the 
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quantitation of obesity. BMI increases with increasing 
obesity unlike the ponderal index, which decreases. 
The BMI and the sum of skinfold thickness measure- 
ments have approximately the same correlation to 
body density measurements’ which are the most ac- 
curate?" but also a most difficult and laborious 
method of estimating the proportion of fat in the 
body. The sum of skinfold thicknesses was not used 
in this study not only because it did not offer an 
advantage in accuracy, but also because skin calipers 
are not usually available in anesthetic practice, 
whereas the patients' weight and height are readily 
available. This study used the weight of each partu- 
rient at term; on the average this weight would be 11 
kg over her nonpregnant weight. To orientate the 
reader unfamiliar with BMI, a patient 152.4 cm (60") 
in height weighing 63.5 kg (140 Ib) and a person 183 
cm (72" tall) weighing 90.7 kg (200 Ib) both have a 
BMI of approximately 27. À convenient table for BMI 
has been published.’ 


Methods and Materials 


All 147 patients were A.S.A. physical status 1 or 2, 
term parturients undergoing either elective or emer- 
gency cesarean section. They were placed in the left 
lateral position with the operating table maintained in 
a horizontal position for 40 minutes following the 
administration of epidural anesthesia. The L3-4 inter- 
space was identified and a 17-gauge Tuohy needle 
was introduced into the epidural space. With the 
bevel pointing cephalad, 20 ml of 0.7596 bupivacaine 
without epinephrine was injected in 40 seconds. A 
catheter was then inserted and the patient turned to 
the supine position with a wedge under the right hip 
to produce left uterine displacement and the table 
tilted to the left at a 15? angle. The patient was 
examined at 5-, 10-, 15-, 20-, and 30-minute intervals 
during anesthesia and surgery and again at the com- 
pletion of the operation for loss of pinprick sensation 
along both midaxillary lines using the stylette from 
the epidural needle. When the level of the block was 
higher on the left side, due to the administration of 


the epidural in the left lateral position, a mean was 


taken of the right and left side to describe the level of 
the block. 

Statistical analyses included chi-square, simple lin- 
ear regression, correlation coefficients, and finally, 
stepwise regression analysis.’ Chi-square was used as 
a simple, rapid test of the effect of the four predictor 
variables (BMI, height, weight, and age) on the level 
of the block obtained. Its calculation also provided a 
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check on the more complicated parametric analyses 
that followed. Regression analysis and a Student's t- 
test of the regression slope against zero provided a 
more graphic and detailed analysis. Correlation coef- 
ficients show the interrelationship between the pre- 
dictor variables and the level of the sensory block as 
a function of time. A regression analysis was per- 
formed to predict the final outcome (i.e., final height 
of the segmental sensory block) using a stepwise 
multiple correlation technique. In this method the 
predictor that had the highest product-momentum 
correlation with the final height of the segmental 
sensory block was drawn from the rest of the variables 
and used to compute a regression analysis equation. 
The variance attributable to a particular variable was 
separated from the remaining variables by partial 
correlation. That is, the influence of the variable was 
determined while the influence of other variables was 
held constant. In the next step, the variable with the 
next highest partial correlation to the final outcome 
was selected and entered in a new regression analysis. 
The variance attributable to the first two variables 
was calculated while holding the influence of the 
remaining variables constant. The steps continued 
until no further significant independent variables 
were included in the regression analysis. F ratios were 
calculated at each step and if the probability of the 
ratio was greater than 0.05 it was removed from the 
equation. 
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Regression Equation: Y = 7.9+0.59X 

- t Test of Slope Against Zeros 609  2p« O0! 
Number of Samples= 147 

Correlation Coefficient 0,452 
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Fic 1. Relationship of parturients' weight to the highest point 
of cephalad spread of analgesia as determined by pinprick 
following a single injection at L3/L4 of 20 ml of 0.7596 bupiva- 
caine. Three lines on the graph represent the regression line 
with 9596 confidence limits to the population drawn on either 
side. 
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Results 


A chi-square analysis of the data showed that there 
was an association between the cephalad spread of 
analgesia and the patient's BMI (p < 0.001). The 
contingency table was drawn with the cephalad 
spread described as below 11, T9-11, T7-8, T5-6, and 
T4 and above, and the BMI classified as below 25, 
25—, 30—, and above 35. A similar contingency table 
for weight also showed an association between ce- 
phalad spread and weight ( p « 0.001). No statistically 
significant relationship existed between the height of 
the anesthesia and patients' height or age. These 
findings were confirmed by regression analysis (Figs 
1 and 2). Testing the regression slope against zero by 
a Student's t-test showed the relationships between 
height of sensory block and weight or BMI to be 
statistically significant ( p « 0.001). 

The interrelationship of the four predictor variables 
and the relationship between these and the cephalad 
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Fic 2. Relationship of parturients’ body mass index (BMI) to 
the highest point of cephalad spread of analgesia as determined 
by pinprick following a single injection at L3/L4 of 20 ml of 
0.7596 bupivacaine. Three lines on the graph represent the 
regression line with 9596 confidence limits to the population 
drawn on either side. 


TABLE 1 


spread of the block with time can be seer. in the 
correlation coefficients between them (Table 1). Taller 
patients are more likely to be heavy (R = 0.5, p < 
0.01) and weight tends to increase with age (R = 0.27, 
p < 0.01). The increase in weight with age may 
account for the greater cephalad spread with age (R 
= 0.2, p < 0.05). The largest component of BMI is 
weight (R = 0.89); height contributes less (R = 0.11). 
The level of anesthesia shows an increasingly large 
correlation coefficient with respect to BMI and weight 
as time from the induction of anesthesia increases. It 
ultimately reaches R = 0.53 for BMI and 2.45 for 
weight. 

Used as a predictor of the level of sensory block 
ultimately reached, sensory levels at 5 minutes (R = 
0.39) and 10 minutes (R = 0.57) have a lower or 
almost the same correlation coefficient as BMI (R = 
0.53). The latter is information available before the 
epidural injection is given; the former becomes avail- 
able only during the anesthesia. Table 2 summarizes 
the results of stepwise regression analyses. Cne vari- 
able, BMI predicts the ultimate level of sensory an- 
esthesia (p < 0.01). It contributes 27.9% of the vari- 
ance. Addition of the other three predictors (height, 
weight, and age) increase the predictability of the 
level of sensory anesthesia by only 1%. 


TABLE 2 


Analysis of Contribution of the Four Predictor Variables 
(BMI, Age, Weight, and Height) to Final Outcome (Height of 
Sensory Block) by Stepwise Progression 








Variable Increase in predic- 
entered Multiple R tion F 
BMI 0.52875 0.27957 56 270* 
Age 0.53687 0.00866 1 751+ 
Weight 0.54003 0.00340 O 6861 
Height 0.540.4 0.00013 O 026+ 
*p<0.01. 


T Not significant. 


Correlation Coefficients Between the Four Predictor Variables and Level of Sensory Block as a Function of Time 


Predictor variables 


" Height Age 


Sensory biock level at: 





BMI Weight 5 min 10 min 15 min 20 min éat-level 

BMI 1.0 0.89 —O.11 0.20 0.18 0.25 0.27 0.43 0.53 
Weight 1.00 0.50 0.27 0.10 0.12 0.17 0.35 0.45 
Height 1.60 0.03 —0.04 —0.15 —0.11 —0.01 —0.04 
Age 1.00 0.09 0.10 0.11 0.17 0.20 
5 min 1.00 0.69 0.53 0.43 0.39 
10 min 1.00 0.82 0.65 0.57 
15 min 1.00 0.86 0.74 
20 min 1.00 0.89 
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Thirteen of 48 parturients with a BMI below 28 or 
a weight below 73 kg had to have the block augmented 
at 30 minutes. None of the patients with a BMI above 
28 or a weight above 73 kg had inadequate anesthesia. 


Discussion 


Many dosage schedules are used for epidural an- 
algesia for cesarean section. Many rely upon height 
and age.” The patients’ height in this study showed 
low correlation with the cephalad spread and was 
statistically not significant. Age within the range of 
18-35 years showed a slight statistically insignificant 
relationship with cephalad spread. The modest rela- 
tionship seen was probably due to the increase of 
weight with age. The levels of analgesia 5 and 10 
minutes after injection of local anesthetic into the 
epidural space are also often used clinically to predict 
the final level of anesthesia. Frequently the patient is 
tilted into a Trendelenburg position if the 5- and 10- 
minute levels of anesthesia are low. Neither of these 
two levels of anesthesia was found to be as reliable as 
BMI (a value available before the block is initiated) in 
predicting the final level of analgesia. Eight obese 
patients (BMI 30 or above) had a T9 or lower levels 
of anesthesia at 10 minutes but had achieved a T4 
level at 30 minutes. Tilting these patients would prob- 
ably have resulted in a very high level. 

Despite levels of sensory analgesia to C5 in some 
parturients, respiration was not embarrassed. Systolic 
blood pressure decreased to below 100 torr in only 
12% of patients and ephedrine, 10 to 20 mg, was 
administered to only 3%. Initially, we were concerned 
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that decreases in blood pressure were being missed, 
but checking cuff pressures with a Dynamap showed 
no discrepancies. The low incidence of hypotension 
is attributed to absence of narcotic premedication, use 
of a Crawford wedge, a 15° lateral tilt of the table, 
and rapid infusion of lactated Ringer’s solution 
through two 14-gauge needles if systolic blood pres- 
sure decreased more than 10 torr. 

The fact that 15% of patients showed increasing 
cephalad spread of the block 30 minutes after injec- 
tion is noteworthy. Bupivacaine continues to anesthe- 
tize additional segments for up to 1 hour in some 
patients. In a rare case this could lead to respiratory 
embarrassment. It is important to monitor the level 
throughout the operation and after transfer to the 
recovery room. 
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Cardiovascular responses to nitrous oxide exposure for two hours in man. Anesth Analg 59: 


93-99, 1980 


i 


Cardiovascular responses to increasing (20, 40, and 6096) concentrations of nitrous oxide or 
nitrogen in oxygen for 15 minutes as well as responses to 2 hours of exposure to 6096 nitrous 
oxide or nitrogen in oxygen were determined and compared in 30 healthy, supine, untrained 
volunteers who received no other drugs or medications. No concentration of nitrogen pro- 
duced a significant change in any cardiovascular variable measured, nor did 20 and 40% 
N20. Sixty percent nitrous oxide for 15 minutes significantly increased Paco,, heart rate, 
stroke volume, cardiac output, mean arterial blood pressure, and central venous pressure. 
Inhalation of 60% nitrogen also produced no significant change in any cardiovascular variable. 
In contrast, inhalation of nitrous oxide for 2 hours transiently increased arterial blood pressure 
(at 15 minutes), heart rate (at 15 and 30 minutes), stroke volume (at 15, 30, and 45 minutes) 
and decreased systemic vascular resistance (at 15 minutes). Cardiac output significantly 
increased for the 1st hour of exposure to 60% nitrous oxide but returned to values similar to 
control (room air) during the 2nd hour. Prolonged inhalation of nitrous oxide resulted in a 
constant increase in Paco, and progressive but mild decreases in arterial pH and calculated 
base deficit but no change in dead space/tidal volume ratios. These findings demonstrate that 
nitrous oxide stimulates the cardiovascular system in supine, healthy, untrained volunteers but 


that the stimulation is transient. The data suggest that early stimulation of the cardiovascular 


system during nitrous oxide breathing may be related to central nervous system excitation 
secondary to incomplete anesthesia and/or an increase in Paco,. 


Key Words: ANESTHETICS, Gases: nitrous oxide; HEART: nitrous oxide. 


OR MANY years nitrous oxide was thought to 

exert little influence on cardiovascular 
dynamics." ? A number of reports™™ suggest that this 
may not be so. This study investigates the cardiovas- 
cular effects of increasing concentrations of nitrous 
oxide for brief (15 minutes) periods of time as well as 
the effect of 2 hours of administration of a single, 
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high concentration (60% in oxygen) of the gas in 
untrained, healthy volünteers. 


Methods 


This study was approved by the University of Utah 
Human Experimentation Committee. The experimen- 
tal subjects were 30 healthy (weight 60 to 80 kg), 
young (aged 21 to 25 years), untrained, adult male 
volunteers. Written informed consent was obtained 1 
to 3 days prior to the experiment. 

Upon arrival in the experimental laboratory in the 
morning, each volunteer was placed on an operating 
room stretcher. Room temperature was maintained at 
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CARDIOVASCULAR RESPONSES TO NITROUS OXIDE 


72 F and the volunteers were covered with a single 
sheet after preparatory procedures were completed. 
Catheters were then placed percutaneously into a 
central vein and, via the radial artery, into the central 
aorta. The aortic catheter was attached to a computer 
substation module. After appropriate calibration, 
computer analysis of the aortic pulse-pressure curve, 
as described by Warner and co-workers," was used 
for measurement of cardiac output, stroke volume, 
heart rate, mean aortic blood pressure, and systemic 
vascular resistance. The accuracy of this technique 
has recently been confirmed in this laboratory.? An 
infusion of 596 dextrose in Ringer's solution was 
begun at a rate of 400 ml/hr through the central 
venous catheter. 

After obtaining control data, while breathing room 
air, six volunteers (group 1A) were given 20% nitrogen 
in oxygen to breathe through an air-tight anesthesia 
face mask attached to a semiclosed anesthesia circle 
system for 15 minutes. Nitrogen in oxygen was sup- 
plied to the circle system via a previously calibrated 
Bird nitrogen blender at a rate of 5 L/min. The 
nitrogen concentration was then increased to 4096 and 
after 15 minutes data were recollected. Following this, 
nitrogen concentration was increased to 6096 in oxy- 
gen and data were collected again. The volunteers 
then breathed room air for 15 minutes and after this, 
20, 40, and 6096 concentrations of nitrous oxide in 
oxygen were administered for 15 minutes each via a 
previously calibrated Bird nitrous oxide blender as 
during nitrogen and oxygen breathing. Data were 
collected and arterial blood samples analyzed for 
Paco,, Pao,, and pH and base deficit on a Radiometer 
ABL-acid-base machine, 15 minutes after each change 
in nitrogen or nitrous oxide concentration. In a similar 
fashion, six additional volunteers (group 1B) were 
first given increasing concentrations of nitrous oxide 


and then increasing concentrations of nitrogen. Re- 


sults from groups 1A and 1B were similar irrespective 
of the sequence of nitrogen and nitrous oxide admin- 
istration; therefore, all data were combined. 

The remaining 18 volunteers (group 2) were divided 
into three subgroups of six patients each. One sub- 
group was given 60% nitrous oxide in oxygen to 
breathe via a face mask and semiclosed circle system 
for 2 hours followed by 6096 nitrogen in oxygen for 
an additional 2 hours. Cardiovascular data were re- 
corded immediately before, 15 minutes after, and 
every 15 minutes during the 4 hours of nitrous oxide 
and nitrogen breathing. Arterial blood samples for 
Paco, Pao, and pH analysis were obtained immedi- 
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ately before each data collection period. A second 
subgroup was treated in the same fashion except they 
breathed 60% nitrogen in oxygen during the first 2 
hours and 60% nitrous oxide in oxygen during the 
latter 2 hours. A third subgroup was treated in the 
same fashion as the second except that the mask was 
attached to a non-rebreathing system employing Col- 
lins 3-cm i.d. inspiratory and expiratory jay valves. In 
this group mixed expiratory gases were collected in 
50-L Douglas bags every 15 minutes and dead space/ 
tidal volume ratios were calibrated using the equation: 
dead space/tidal volume — Paco, — mixed expired 
Pco,/Paco, Since the cardiovascular data from the 
three subgroups in group 2 were similar irrespective 
of the sequence of nitrous oxide and nitrogen breath- 
ing, cardiovascular and blood gas data were com- 
bined. Body temperature was not measured during 
the study in order to avoid disturbing the volunteers. 
However, oral temperature was measured in three 
patients in group 1À and three in group 1B at the 
conclusion of the study. 

Data were analyzed for statistical significance using 
Student's paired t-test; p « 0.05 was considered sta- 
tistically significant. 


Results 


Volunteers in group 1 exposed to increasing con- 
centrations of nitrogen showed the expected signifi- 
cant ( p « 0.01) increase in Pao, with 20% nitrogen in 
oxygen which decreased as higher concentrations of 
nitrogen were breathed (Table 1). Arterial pH and 
Paco, were not changed by any concentration of ni- 
trogen in group 1 volunteers but pH was reduced and 
Paco, increased by exposure to 6076 nitrous oxide. 
Volunteers in group 1 exposed to increasing concen- 
trations of nitrous oxide had changes in Pao, similar 
to those observed in volunteers exposed to nitrogen 
at comparable concentrations of the two gases. None 
of the six patients in group 1 who had oral tempera- 
tures measured at the conclusion of the study had a 
temperature above 37.8 C or below 37.5 C. 

No cardiovascular variable measured was signifi- 
cantly altered by breathing any concentration of ni- 
trogen in group 1 volunteers (Table 2). In contrast, 
60% nitrous oxide produced significant increases in 
stroke volume, cardiac output, and central venous 
pressure when compared to either room-air values or 
values obtained during breathing of 6096 nitrogen. 
Heart rate and mean aortic blood pressure were not 
changed by any concentrations of nitrous oxide. 
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TABLE 1 


Aortic Blood Gas and pH Changes during 15-Minute Exposures to Increasing Concentrations of Nitrous Oxide or Nitrogen in 
Oxygen (mean + SD)* 





Nitrogen in oxygen and partial pressure 


(torr) Nitrous oxide and partial pressure (torr) 





Room air Roon ait 
2096 4096: 6096 2096 4096 6096 
(128) (256) (384) (128) (256) (384) 
Pao, (torr) 85 + 4 389 + 18t 196x111 149+ 10+ 84=3 400+ i4} 209+10f 147+9f 
Paco, (torr) 32202 32 + 2 32 +2 3242 32 —2 34 + 2 35 + 2 36 + 38.|| 
pH 7.40 + 0.02 7.40 + 0.02. 7.40 € 0.02. 7.39 € 0.02 7.40— 0.02 74040602 7.38+9.02 7.37 + 0.028 
Base deficit (meq/L) 0.7 x 0.8 0.8 + 0.6 0.7 + 0.8 0.9 + 0.7 0.8 x 0.8 1.1 x 0.8 1.7 + 0.9 1.9 € 0.7 


* Average barometric pressure in Salt Lake City during the performance of these studies was 640 torr. 
T po « 0.01, Student's paired t-test when compared to room-air values. 

8 p < 0.05, Student's paired t-test when compared to room-air values. 

| e < 0.05 Student's paired t-test when compared to 60% Ne values. 


TABLE 2 


Cardiovascular Responses to 15-Minute Exposures to Increasing Concentratior s of Nitrous Oxide or Nitrogen in Oxygen 
(mean -- SD)* 


Nitrogen in oxygen and partial pressure 


(torr) Nitrous oxide and partial pressure (torr) 





Room air Room air 
2096 4096 6096 2096 4096 6096 
(128) (256) (384) (128) (256) (384) 
Heart rate (beats/min) 61+9 58 +7 66 4 8B 67 +8 62 z 8 65 +7 67 +9 69 +6 
Stroke volume (ml) 7347 76245 75:26 f2:2 6 7126 72 t5 79 € 6 79 t 7 S.| 
Cardiac output (L/min) 4.7 X 0.4 5.1 + 0.6 5.0 + 0.4 4.7 + 0.5 4.6 2 0.4 4.7 +04 5.2 +4 0.3 5.4 c 0.51. 
Mean blood pressure 87 +11 88 +9 88 + 10 85 + 10 88-29 88 + 10 8€ +9 87 + 8 
{torr} 
Central venous pressure 8+2 7+2 8x1 8+2 61 842 10 + 28 11+ 3§,] 
(torr) 
Systemic vascular resist- 22+ 2 21+3 21+2 2342 21+2 19 +1 17+2 18+2 
ance (PRU) 





* Average barometric pressure in Salt Lake City during the performance of these studies was 640 torr. 
ip < 0.025, Student's paired t-test when compared to room-air values. 

§ p < 0.05, Student's paired t-test when compared to room-air values. 

|| p < 0.05, Student's paired t-test when compared to 60% No values. 


Volunteers in group 2 exposed to 6096 nitrogen for 
2 hours sustained an increase in Pao, throughout this 
period but experienced no significant change in 
Paco, mixed expired Pco,, calculated base deficit, or 
dead space/tidal volume ratio (Table 3). Arterial pH 


decreased slightly during the 2nd hour of exposure to 


nitrogen; however, this change was not statistically 
significant. Group 2 volunteers exposed to 6096 ni- 
trous oxide had increases in Pao, similar to those 
observed in subjects exposed to nitrogen. However, 
in contrast to the latter, those breathing nitrous oxide 
showed a significant increase in Paco,, a similar 
though not statistically significant increase in mixed 
expired Pco, and an earlier onset of and a more 
prolonged and significant reduction in arterial pH. 
Calculated base deficit was significantly increased 
after 105 to 130 minutes of exposure to 6096 nitrous 
oxide but was unchanged during exposure to nitrogen. 
Neither nitrogen nor nitrous oxide significantly al- 
tered dead space/tidal volume ratios at any time 


during the experiment. Blood gas and pH values 
returned to values similar to original room-air control 
values within 15 minutes of breathing room air after 
both nitrous oxide and nitrogen were discontinued 
after 2 hours. 

Two hours of breathing of 6096 nitrogen did not 
significantly alter any cardiovascular variable meas- 
ured at any time (Table 4). However, breathing 6096 
nitrous oxide transiently increased mean aortic blood 
pressure (at 15 minutes), heart rate (at 15 and 30 
minutes), and stroke volume (at 15, 30, and 45 min- 
utes) and decreased systemic vascular resistance (at 
15 minutes), when compared either to values obtained 
while breathing room-air controls or to values ob- 
tained during breathing of 60% nitrogen for the same 
time. Cardiac output increased significantly during 
the first 60 minutes of nitrous oxide exposure. The 
peak increases in cardiac output occurred at 15 and 
30 minutes. Following this, cardiac output gradually 
decreased tcward room air values. Nitrous oxide did 
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not alter central venous pressure at any time in group 
2 volunteers. 

Three of 12 volunteers in group 1 lost consciousness 
with 60% nitrous oxide. One of this group also became 
nauseated and vomited during breathing 40% nitrous 
oxide. (When vomiting occurred, the anesthesia face 
mask was removed and only replaced after vomiting 
stopped. Data were not recorded until the volunteer 
had breathed nitrous oxide for 15 minutes following 
an episode of vomiting.) All subjects sweated and had 
dilated pupils during 60% nitrous oxide. 

None of the subjects in group 2 became nauseated 
or vomited during nitrogen breathing but nine of 18 
subjects became nauseated or vomited during nitrous 
oxide inhalation. The nausea never occurred before 
20 minutes of nitrous oxide inhalation and was usu- 
ally over in a few minutes. However, one volunteer, 
who was not included in the study, was continually 
sick and the experiment was discontinued after 1 hour 
of nitrous oxide inhalation. All group 2 volunteers 
began sweating and most had dilated pupils within 
15 minutes of initiation of nitrous oxide inhalation. 
These signs of central nervous system excitement 
disappeared 30 minutes later. Four of the volunteers 
in group 2 lost consciousness at some time during 
their 2-hour exposure to 50% nitrous oxide. No group 
2 volunteers exposed to nitrogen sweated or had 
dilated pupils. 


Discussion 


In spite of the wide popularity and long history of 
use of nitrous oxide in anesthesia, the cardiovascular 
effects of breathing nitrous oxide alone have been 
carefully studied in only a few reports, ! ^ and 
data from these reports are conflicting. Thus, while 
some have shown that nitrous oxide has no effect on 
myocardial mechanics and cardiovascular dynam- 
ics, others have found that the gas depresses my- 
ocardial contractility* * '? and cardiovascular dynam- 
ics. Still other investigators have demonstrated that 
cardiovascular stimulation can also occur during ni- 
trous oxide inhalation.? Possible reasons for these 
conflicting findings include, as previously 
discussed’ 5: the variety of protocols and experimen- 
tatal subjects used; the presence of myocardial path- 
ology (coronary artery disease); the presence or ab- 
sence of preexisting anxiety and heightened sympa- 
thetic activity; changes in arterial blood gases and pH 
secondary to nitrous oxide inhalation; and the simul- 
taneous use of either other compounds or anesthetics, 
or intubation with or without positive pressure res- 
piration. The results of the present study demonstrate 


that in unpremedicated, untrained, supine, healthy 
volunteers, high concentrations of nitrous oxide pro- 
duce cardiovascular stimulation which gradually dis- 
appears with prolonged continued inhalation of the 
gas. The data suggest that early stimulation of the 
cardiovascular system during nitrous oxide breathing 
may be related to central nervous system excitation 
secondary to incomplete anesthesia and/or an in- 
crease in Paco,. The data also suggest that with con- 
tinued breathing of the gas adaption occurs or a mild 
acidosis may inhibit early cardiovascular stimulation. 

Increases in Paco, with nitrous oxide inhalation 
have been demonstrated when the gas is breathed 
alone,” ! or when it is added to the inspired mixture 
of gases of subjects anesthetized and mechanically 
ventilated with a potent inhalational anesthetic and 
oxygen.” Since nitrous oxide increases tidal and min- 
ute volumes and does not influence the responses to 
hypercarbia in subjects not anesthetized with another 
anesthetic,'’*® respiratory depression is not an ade- 
quate explanation for the increases in Paco, that ac- 
company its use. Other mechanisms that have been 
suggested as possible explanations for the increase in 
Paco, that occurs during nitrous oxide breathing in- 
clude the second gas effect of nitrous oxide on alveolar 
carbon dioxide tension (Paco,)'® and an increase in 
physiologic dead space.) ? Although a concentrating 
effect of nitrous oxide in Paco, has been described,” 
this phenomenon should only last for a short period 
of time. Therefore, it is unlikely that this mechanism 
is responsible for the 3- to 4-torr increase in Paco, 
which was found in group 2 volunteers after 1 to 2 
hours of inhalation of 60% nitrous oxide. Our data in 
this study indicate that nitrous oxide does not influ- 
ence dead space/tidal volume ratios in spontaneously 
breathing man. It was not possible to measure care- 
fully tidal volume in this study, bui the bag in the 
circle system on the anesthesia machine seemed to 
empty to a greater degree during nitrous oxide breath- 
ing in all patients. Previous investigations!" '? have 
demonstrated that nitrous oxide increases tidal vol- 
ume. If nitrous oxide did indeed increase tidal volume 
in this study, then physiologic dead space must also 
have been increased for the dead space/tidal volume 
ratio to remain unchanged. 

Increases in Paco, are known to increase heart rate, 
stroke volume, and cardiac output, and reduce sys- 
temic vascular resistance.”” ” Cullen and co-workers? 
showed that cardiac output increases approximately 
5% for each torr increase in Paco, when Paco, is raised 
from normal resting levels to 50 to 55 torr in unan- 
esthetized volunteers breathing hypercarbic gas mix- 
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tures. Volunteers in the present study had Paco, values 
close to normal for this altitude (33 to 34 torr) during 
control conditions. Increases in Paco, and cardiac 
output observed in group 1 volunteers and after 30 
and 45 minutes in group 2 in this study are consistent 
with the findings of Cullen et al.” 

Cardiovascular stimulation during nitrous oxide 
breathing might also be explained by central nervous 
system excitation secondary to partial or incomplete 
anesthesia and/or to increased circulating catechola- 
mine concentrations. The excitement state associated 
with inductions of diethyl ether anesthesia, is accom- 
panied by both of the above.” Eisele and Smith? 
found that trained volunteers given 40% nitrous oxide 
to breathe experienced significant increases in plasma 
norepinephrine and, to a lesser extent, plasma epi- 
nephrine. The peak increases in both these amines 
occurred after 15 minutes of nitrous oxide inhalation. 
After 45 minutes of nitrous oxide both norepineph- 
rine and epinephrine plasma levels began returning 
toward room air (control) values. Why plasma cate- 
cholamines became elevated during early exposure to 
nitrous oxide and returned to control levels with 
continued breathing of the gas in Eisele and Smith’s 
study is unknown but this suggests that time of 
exposure is important. Similar changes in circulating 
catecholamines in our subjects could explain both the 
rapid early cardiovascular stimulation and subsequent 
return of cardiovascular dynamics to control values 
as well as the sweating and pupillary dilation in group 
2 volunteers. Absence of increases in mean arterial 
blood pressure and heart rate during inhalation of 
50% nitrous oxide in group 1 in contrast to group 2 
and greater increases in cardiac output after 15 min- 
utes of exposure to 60% nitrous oxide in group 2 than 
in group 1 are additional evidence that time of expo- 
sure to nitrous oxide influences cardiovascular 
changes observed. 

Whereas nausea and vomiting might also explain 
some of the cardiovascular stimulation observed dur- 
ing nitrous oxide breathing in this study, they prob- 
ably are not important causes. The reasons for this 
are that only one of the 12 volunteers in group 1 
complained of nausea and vomiting during inhalation 
of 60% nitrous oxide yet all experienced stimulation 
of cardiovascular dynamics. Although 50% of group 
2 volunteers became nauseated or vomited this never 
occurred before 20 minutes when cardiovascular stim- 
ulation was not only already present but usually 
maximal. Furthermore, nausea and vomiting usually 
were over in a few minutes while some evidence of 
cardiovascular stimulation was most often present for 


ANESTHESIA AND ANALGESIA 
98 Voi 59, No 2, February 1980 


an additional 20 to 30 minutes. Finally, there appeared 
to be no difference in the degree of heart rate, stroke 
volume, arterial blood pressure, and cardiac output 
increases in volunteers who became nauseated and 
vomited or those that did not. 

An alternative mechanism that could explain the 
initial stimulation and subsequent return of cardio- 
vascular dynamics to control values with continued 
inhalation of nitrous oxide in group 2 volunteers is 
the initial respiratory acidosis and following mixed 
respiratory and metabolic acidosis. This was less im- 
pressive but was also seen in group 1 volunteers. 
Lunn and co-workers" found similar changes in pH 
when increasing concentrations of nitrous oxide were 
given to calves over a 3-hour period. Since respiratory 
acidosis alone causes significant increases in stroke 
volume, heart rate, and cardiac output while metabolic 
acidosis or mixed metabolic and respiratory acidosis 
depresses the cardiovascular system during anesthesia 
with certain anesthetics,” return of cardiovascular 
dynamics to control values with continued nitrous 
oxide inhalation may be due to the negative inotropic 
and chronotopic effects of an increasing metabolic 
acidosis. The reason why continued nitrous oxide 
inhalation results in a mild but increasing metabolic 
acidosis over the relatively short period of 2 hours in 
spite of adequate hydration and dextrose administra- 
tion, is unclear from our data. 
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Extracorporeal Membrane Oxygenation 


Nine medical centers collaborated in a prospective randomized study to assess the role of prolonged 
extracorporeal membrane oxygenation (ECMO) in the therapy for severe acute respiratory failure 
(ARF). Ninety adult patients were selected by a uniform clinical protocol and treated with either 
conventional mechanical ventilation (48 patients) or mechanical ventilation supplemented with partial 
venoarterial bypass (42 patients). Four patients in each group survived. The majority of patients 
suffered acute bacterial or viral pneumonia (57%). All nine patients with pulmonary embolism and 
six patients with posttraumatic respiratory failure died. The majority of patients died of progressive 
reduction of transpulmonary gas exchange and decreased compliance due to diffuse pulmonary 
inflammation, necrosis, and fibrosis. The data demonstrate that ECMO supported respiratory gas 
exchange but did not increase the probability of long-term survival in patients with severe ARF. 
(Zapol WM, Snider MT, Hill JD, et al: Extracorporeal membrane oxygenation in severe acute 


respiratory failure. JAMA 242:2193—2196, 1979) 
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A Weak Negative Inotropic Effect 
of Protamine Sulfate upon the 


Isolated Canine Heart Muscle 
Naofumi Iwatsuki, MD, PhD,* Shuh Matsukawa, MD, and 


Kenichi Iwatsuki, MD, PhDt 


IWATSUKI, N., MATSUKAWA, S., AND IWATSUKI, K.: A weak negative inotropic effect of protamine 
sulfate upon the isolated canine heart muscle. Anesth Analg 59:100-102, 1980. 


The direct effect of protamine sulfate upon myocardial inotropism was studied using an 
isolated canine heart muscle preparation. Isometric force (F) was decreased to 87.6 + 1.2% 
of control values by a concentration of 50 x 107° g/L protamine, which is approximately 
equal to the estimated serum concentration of protamine when administered clinically in doses 
of 4 mg/kg. The decrease in F was accompanied by a decrease in the maximum velocity of 
force development (dF /dt) but no alteration in time to peak force. Administration of the 
preservative of prctamine sulfate did not alter F and dF/dt. This suggests that protamine 
produces a direct negative inotropic effect, mediated by a decrease in intensity but not by a 


decrease in duration of the active state. 


Key Words: HEART: contractility; BLOOD, Coagulation: protamine. 


YSTEMIC hypotension may occur follewing the 

intravenous administration of protamine sulfate. 
Direct vasodilating effects of protamine have been 
offered as an explanation for this hypotension, but 
the effect of protamine upon myocardial inotropism 
remains controvezsial.^? In the intact heart, myocar- 
dial performance is likely to be influenced by changes 
in pre-load and a:ter-load, and by changes in neuro- 
humoral compensatory mechanisms, as well as by 
changes in inotropism. We, therefore, measured the 
direct effect of protamine sulfate upon myocardial 
inotropism using isolated canine heart muscle prepa- 
ration. 


Methods and Materials 


Trabeculae from the right ventricle were excised 
rapidly from adult dogs, weighing 6 to 8 kg, anesthe- 
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tized with thiopental (25 mg/kg IV). The excised 
muscle was suspended vertically in an experimental 
bath filled with Krebs-Henseleit solution kept at 30 C 
by a surrounding thermobath and bubbled with a gas 
mixture of 95% (05-596 COs. The composition of the 
bathing solution (millimolar per liter) was as follows: 
NaCl 118, KCl 4.7, CaCl 2.5, MgSO, 1.2, NaHCO; 
21, KHePO, 1.2, and glucose 5.6. The pH of the 
bathing solution bubbled with the gas mixture ranged 
from 7.32-7.40. 

A lower end of the muscle was clamped by a 
specially made clip and was fixed on the bottom of 
the experimental bath. The upper end of the muscle 
was also clipped and was connected to an isometric 
force transducer (Shinkoh UL-100-230) through a 
steel wire. Electrical stimulation at a frequency of 12/ 
min was applied by mass electrodes placed parallel to 
the muscle with an intensity of 15 to 2096 above 
threshold and a duration of 5 msec (Nihon Kohden 
MSE-3). 

The muscle was allowed to contract isometrically 
for more than 60 minutes until a stable contraction 
was obtained. The muscle was then elongated to a 
length at which isometric force reached maximum 
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(Lmax). All measurements were done at Lmax. Iso- 


metric force was recorded by a direct writing recorder: 


(Nihon Kohden WL-260-M). The muscle length was 
measured with a telescope (Pika PPM-2) placed in 
front of the muscle bath. 

The concentration of protamine sulfate Shimi 
Seiyaku Co, Ltd) used in this study was 1 w/v% with 
0.25 w/v% phenol as a preservative; its pH is 4.7-6.7. 
The concentration of protamine in the bathing solu- 
tion was increased stepwise by adding protamine 
sulfate directly to the bathing solution (40 ml) in 
amounts of 0.05, 0.05, and 0.1 ml, respectively. . 

Each heart muscle served as its own control, The 
data were analyzed statistically by Student's t-test for 


. paired data; p values less than 0.05 were considered 


statistically significant. 

Muscle length, blotted weight, and cross- sectional 
area of the six trabeculae used for this study were 
5.93 + 1.79 mm, 2.7 1.2 mg, and 0.46 + 0.12 mm? 
(mean + SD), respectively. | 


Results 


Administration of protamine sulfate to the bathing 
solution produced an initial transient increase fol- 
lowed by a gradual decrease in isometric force (F) 
with F then becoming stable about 5 to 7 minutes 
later (Fig 1). F decreased to 87.6 + 1.2% (mean + SE) 
of the control value and the maximum velocity of 
isometric force development (dF/dt) was 85.2 + 1.4% 
of the control at a concentration of 50 x 107° g/L of 
protamine (Fig 2). The time to peak force from the 
onset of contraction (TPF) was unchanged by prota- 
mine (Fig 2). Normalized values of F and dF/dt by the 
cross-sectional area of the muscle are shown in the 
Table. 

Following administration of 6.25 and 12.5 x 10° 


g/L of phenol F averaged 103.8 + 1.3% and 102.8 + 


2.9%, respectively, and dF/dt averaged 103.7 + 1.7% 
and 102.4 + 1.5% of the control value, respectively. 
These values were not statistically significantly dif- 
ferent from the control values; 6.25 and 12.5 X 10? 
g/L are the concentrations of the preservative in 25.0 
and 50.0 X 10 ? g/L of protamine sulfate, respectively. 

The depression in F and dF/dt produced by prota- 
mine were easily counteracted by the administration 
of CaCle, 30 mg (5 mM), or epinephrine, 1 pg (2.5 X 
10^? g/L) (Fig 1). 

Protamine is given after heparin in clinical use, but 
protamine, when mixed with heparin, produces a 
white precipitate, therefore the effects of protamine 
together with heparin were not studied in this exper- 
iment. 


Discussion 


The present study demonstrates that protamine 
sulfate produces a dose-related direct negative ino- 
tropic effect, which is expressed by a decrease both in 
isometric force (F) and in the maximum velocity of 
force development (dF/dt). 

Previous reports on the direct effects of protamine 
upon myocardial inotropism have been conflicting. 
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Fie 1. Changes in isometric force associated with administra- 
tion of protamine sulfate, together with responses to CaCl. and 
epinephrine. Concentrations represent total concentration in the 
bathing solution, thus the amount of protamine added to the 
bathing solution (40 ml) at each time was 0.5 mg, 0.5 mg, and 
1.0 mg, respectively; the amount of CaCl. added was 30 mg, 
and the amount of epinephrine was 1 ug. 
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FiG 2. Percent changes in isometric force (F), the maximum 
velocity of force development (dF /dt) and the time to peak force 
from the onset of contraction (TPF) associated with administra- 
tion of various concentrations of protamine. The concentration 
of protamine on the abscissa is plotted on a logarithmic scale. 
The percent changes in F, dF/dt, and TPF on the ordinate are 
expressed as means + SE; 6—— 9 = F; O- - -O = dF/dt on 
the upper graph; O——O = TPF on the lower graph; * = 0.02 
>p; ** = 0.001 > p compared with the control value. 
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NEGATIVE INOTROPISM OF PROTAMINE 


Changes in Isometric Force (F) and Maximum Velocity of Force Development (dF /dt) Associated with Administration of 


TABLE 
Protamine* 
' Heart tric f ( 2 
muscle sometric force (F) (g/mm*) 
0 12.5 25.0 50.0 
1 6.24 6.15 6.02 5.63 
2 5.78 5.69 5.41 5.02 
3 6.24 6.24 6.12 5.48 
4 6.30 6.15 6.00 5.32 
5 5.76 5.76 5.64 4.88 
6 4.81 4.86 4.75 4.42 
Mean 5.86 5.81 5.66 §.13 
+ SE 0.23 0.21 0.21 0.18 
p NS 0.01 > p > 0.001 0.001 > p 


Concentrations of protamine (107? g/L) 


dF/dt (g/sec'/mm*) 


0 12.5 25.0 50.0 
35.8 35.8 36.2 32.2 
32.9 33.8 31.3 28.2 
34.8 33.3 32.2 29.2 
31.4 31.0 30.0 25.5 
29.1 29.4 28.1 23.8 
29.3 28.6 27.8 25.9 
32.2 32.0 30.9 27.5 

1.14 1.14 1.27 1.23 

NS 0.05 > p > 0.02 0.001 > p 


* All values were normalized by dividing the original values by the cross-sectional area of each muscle. p: level of statistical 


significance compared to control values. 


Gourin et al’ found that protamine causes a slight 
though not significant increase in left ventricular pres- 
sure and the rate of pressure raise using the total 
cardiopulmonary bypass technique in dog. On the 
other hand, Fadali et al* reported that protamine 
produces a significant decrease in Vmax in the intact 
canine heart. The isolated heart muscle preparation 
that we used, unlike the intact heart, is free from the 
influence of changes in pre- and after-load and alter- 
ations in the neurohumoral control mechanisms ob- 
served in the intact heart. It is, therefore, reasonable 
to state that a myocardial depression observed in this 
study is caused by a direct effect of protamine upon 
the myocardium. Moreover, this depression is caused 
by protamine itself, not by its preservative. 

In the present study the decrease in F produced by 
protamine was accompanied by a decrease in dF/dt 
but with no change in the time to peak force (TPF). 
Sonnenblick® has suggested that dF/dt reflects the 
intensity of the active state and that TPF is propor- 
tional to the duration of the active state of muscle 
contraction. The results of the present study thus 
suggest that protamine produces a decrease in inten- 
sity but not in duration of the active state. The unal- 
tered duration of the active state has been observed 
also during the administration of intravenous* but not 
inhalation anesthetics,” although both types of an- 
esthetics decrease the intensity of the active state, i.e., 
dF /dt. 

The doses of protamine most often used clinically 
range from 1-4 mg/kg of body weight. Assuming that 
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the injected protamine distributes evenly into the 
circulating blood volume of 75 ml/kg of body weight, 
serum concentrations of protamine following the clin- 
ical administration would be 13.3 X 107° to 53.3 X 
10 ? g/L. These are comparable to the concentrations 
used in the present study. Since only 4 mg/kg of 
protamine produces myocardial depression of only 
approximately 1096, the direct myocardial depressant 
action of protamine is only a minor factor in the 
etiology of the hypotension that may accompany the 
intravenous administration of protamine. 

The modest myocardial depression produced by 
protamine, however, is easily counteracted by the 
administration of CaCl: or epinephrine. 
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Tracheal pressures during airway occlusion (an index of ventilatory drive), inspiratory time, 
alveolar ventilation, and Paco, were measured in spontaneously breathing, healthy patients 
during enflurane:N2O anesthesia at various inspired concentrations of enflurane. The purpose 
was to describe more clearly the mechanism of intraoperative hypoventilation. Occlusion 
pressures, inspiratory time, and alveolar ventilation were less, and Paco, was higher, at 
deeper levels of anesthesia. Hypoventilation is due to reduced mechanical transform of neuro- 
muscular drive and to shorter inspiratory time and, therefore, reduced mean inspiratory flow 
rate without change in breathing frequency. Effective elastance (an index of lung stiffness) 


was slightly greater at deeper levels of anesthesia. 


Key Words: VENTILATION: enflurane; ANESTHETICS, Volatile: enflurane. 


| HE EFFECTS of drugs on ventilation are usually 

examined by measuring minute ventilation (VE) 
and arterial carbon dioxide tension at different con- 
centrations of the drug, or by comparing the change 
in VE during CO; rebreathing before and after ad- 
ministration of the drug under consideration. Milic- 
Emili! suggested a method that makes the determi- 
nation of VE more informative. By the simple, non- 
invasive method of timing the phases of ventilation 
(inspiratory and total time, T; and Tio) and measuring 
the static pressure generated in the airway during 
occlusion of the latter (occlusion pressure P) at func- 
tional residual capacity (FRC), the ventilatory effects 
of drugs can be adequately described. Minute venti- 
lation is the product of tidal volume (V7) and fre- 
quency ( £), i.e. 


VE = Ve Xf (1) 
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But since Vr equals mean inspiratory flow rate (Vr/ 
Ti times duration of inspiration (Tj), and since f 
equals the reciprocal of total cycle duration times 60 
(i.e., 1/ Troe X 60), the classic equation can be rewritten 
as; 


-«. 
VE=— x = x 60 (2) 


i tat 


This form takes into account the mean inspiratory 
flow rate (Vz/Ti) as a result of driving pressure and 
the influence of duration of inspiration ( T;/T tot). 

The occlusion pressure as measured is an index of 
neuromuscular inspiratory drive and, as such, repre- 
sents the potential energy available for tidal ex- 
change.” It takes into account both central drive and 
muscle contraction, but cannot differentiate between 
them. For a given driving pressure, the resulting flow 
(Vz/Tj) depends on impedance to flow (Ohm's law). 
The ratio between some of the measurements can 
give valuable indices of pulmonary mechanics. By 
correlating timed occlusion pressures (e.g. at 0.1 or 
0.5 seconds: P? 0.1 or P? 0.5) to the resultant flow, an 
index of lung mechanics at the time of measurement 
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VENTILATORY RESPONSES TO ENFLURANE 


is obtained. This can, alternatively, be obtained by 
examining the ratio of maximal occlusion pressure 
(P? max) and tidal volume.’ 

The approach described was taken to examine in 
greater detail the effects of different inspired enflur- 
ane concentrations in N3O-O; on ventilation in lightly 
premedicated healtay adult patients during anesthesia 
for elective minor operations on the limbs. This an- 
esthetic agent was chosen because there is scant in- 
formation regarding its respiratory effects, particu- 
larly during clinica: anesthesia.’ 


Methods ‘ 


The sample consisted of ten healthy adults (mean 
age: 32.5 + 6 years) of normal body build (mean 
weight/height ratio: 0.4 + 0.02) scheduled for elective 
operations on the limbs; they gave their consent to 
the study approved by the hospital Ethics and Re- 
search Committee. Because ventilation during enflur- 
ane anesthesia is significantly and directly related to 
the value of forced expiratory volume (FEVio),* a 
prime condition for inclusion in the study was a 
preoperative FEV of at least 85% of the value pre- 
dicted for the patient’s age and height. The mean 
FEV actual/predicted for the patients studied was 
96 + 3%. All patients were given a mild tranquilizer 
(promethazine-HCl, 25 mg) intramuscularly as pre- 
medication 1 hour preoperatively. Anesthesia was 
induced intravenously by thiopental (3 to 5 mg/kg) 
followed by succinvlcholine (1 mg/kg IV) to facilitate 
orotracheal intubation with a cuffed tube. Prior to 
intubation, the trachea and vocal cords were sprayed 
with 4% lidocaine (100 to 120 mg). Anesthesia was 
maintained with enflurane in N:O (4 L/min) and O» 
(3 L/min), using a non-rebreathing circuit with a low 
resistance unidirectional valve (Ambu-Hesse). In all 
instances, the patients were first given the higher 
inspired concentrations of enflurane and later the 
lower ones. The measurements were made at the end 
of a period of at least 20 minutes of exposure to each 
concentration. No measurements were made if there 
was evidence that the level of anesthesia was not 
appropriate for the surgery as suggested by changes 
in heart rate, blood pressure, pupillary size, or by 
movement or lacrimation. The number of measure- 
ments made was dictated solely by the duration of the 
operation, which ranged from 1-2 hours. 


Occlusion Pressures 


The occluding device was a Magill bag mount with 
one end hermetically sealed, placed proximal to the 
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non-rebreathing valve. Moving the lever in the appro- 
priate direction allowed temporary interruption of 
airway gas flow during inspiration. The inspiratory 
line was occluded at the beginning of expiration such 
that the next breath, initiated at FRC, generated the 
occlusion pressure. In each case four to six readings 
were made, allowing eight to ten normal breaths 
between readings. The pressure generated in the en- 
dotracheal tube was measured by a Statham 23P 
pressure transducer calibrated with a water manom- 
eter. The pressure tracing was obtained by an appro- 
priate recorder, connected to a Tektronix 412 monitor. 
The pressure tracings of the unoccluded breaths were 
used to determine T; and To: (Fig 1). 


Minute Ventilation 


A Wright respirometer placed between the endo- 
tracheal tube and the unidirectional valve was used to 
measure minute ventilation. Frequency was counted 
over 1 minute and tidal volume was calculated. 


Arterial Pco, 


Arterial blood samples were taken from a periph- 
eral artery by simple puncture. The blood was col- 
lected in heparinized syringes, which were then 
packed in ice. Arterial Pco, was measured by standard 
electrodes in a Corning 165 blood gas analyzer. The 
electrodes were frequently calibrated with mixtures 
of 0, 5, and 10% CO». The analyses were performed 


a b C 3% 





cm. HO 





g] Sec—9 


FiG 1. Determination of 7, and 7,/T,,, ratio. Pressure tracings 
during unoccluded breaths from the same subject at two differ- 
ent inspired enflurane concentrations are shown. Vertical axis is 
pressure (cm H20); horizontal axis is time (seconds). Inspiratory 
time (7) is duration between a clear-cut upswing and a net 
downswing of pressure tracing (points a to b). Total cycle 
duration (7,,) is time between point a and onset of following 
upswing (point c). This was used to verify frequency as counted 
over a minute. The distinctly shorter 7; at higher concentration 
is clearly seen. 


WAHBA 


within 10 minutes of sampling, introducing a possible 
error of less than 1 torr.? | 

- The appropriate Student's t-test and regression 
analysis (by least squares method) were pe in the 
statistical analysis of the results. 

In one patient measurements of only occlusion 
pressures and Paco, are reported because of technical 
difficulty with the respirometer connections. 


Results 


Ventilation and Paco, 


In all instances VE was less at the higher inspired 
concentrations of enflurane. The Table gives the 
group data standardized for body size by the ratio of 
VE to surface area (in square meters). The concomi- 
tant higher Paco, levels with deeper anesthesia are 
also reported in the Table. In a study such as this, it 
is vitally important that changes in the ventilatory 
wave form (spirogram) are taken into account, partic- 
ularly to determine any changes in the direction of 
the convexity of the tracing. This is true because, for 
the same drive, a small change in T; reduces actual 
Vr when the spirogram is concave upwards. This is 
not the case when the spirogram is convex upwards 
unless T; shortens considerably. We feel that the 
occlusion pressure tracing is an acceptable represen- 
tation of the spirogram. There were no changes in the 
direction of the convexity of the P? tracing at the 
different concentrations of enflurane. 

Respiratory frequency did not change (Table) and 
the changes in minute ventilation were, therefore, 
purely a function of changes in tidal volume. How- 
ever, the duration of inspiration was markedly 
shortened at deeper levels, with a net lengthening of 
the expiratory phase ( Te). There was a clear-cut trend 


TABLE 


Measurements at Various Inspired Enflurane Concentrations 
(mean + SE) 


Inspired enflurane concentration 


1.096 1.596 2.0% — 3.096 


(n = 4) (n-2-4) (n8) (n=7) 

Minute ventilation  (L/ 3.3 3.6 3.2 2.1* 

;min/ m?) 0.63 0.56 0.36 0.24 
Frequency (breaths/min) 20.5 24.0 22.9 20.9 
2.0 3.2 1.6 1.6 

Paco, (terr) 38.0 40.0 47.2 51.2* 
3.0 4.0 5.0 3.8 

Mean  inspiratory flow 0.36 0.37 0.36 0.24* 

rate (V7;/T) (L/sec) 0.05 0.04 0.07 0.04 

impedance (cm H20 L/ 17.9 25.0 24.0 27.2* 
Sec) 4.0 7.0 5.0 4.6 


* Statistically significant (p « 0.05) from values at 196 or 1.596 


enflurane. 
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Fig 2. Relationship between depth of anesthesia and ratio of 
inspiratory t'me (7) to total respiratory cycle time (Tio). 
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Fia. 3. Mean inspiratory flow rate with depth of anesthesia. 
Mean inspiratory flow rate is ratio of tidal volume (Vr) to inspi- 
ratory time (7). 


to progressive lengthening of T; as anesthesia was 
lightened. This is shown in Fig 2 which plots the T';/ 
Troe ratio against inspired enflurane concentration. 
The influence of the relative duration of T; on Paco, 
is given by the following relationship: 


Pazo, = 58.7 — 48.84 T1/Teot (t = 0.47, p < 0.05) 


The combined effect of these changes in tidal volume 
and in duration of inspiration was a reduction in 
mean inspiratory flow rate at deeper levels of anes- 
thesia. Individual data are shown in Fig 3 and the 
group da:a are reported in the Table. 

In the introduction, the standard equation VE = 
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VENTILATORY RESPONSES TO ENFLURANE 


V; X f was changec to express VE as the product of 
two derivatives: mean inspiratory flow rate and the 
duty cycle (Vr/T;X Ti/T tod. The contribution of both 
derivatives can be assessed by multiple linear regres- 
sion. The general ecuation calculated was: 


VE/SA = 7.61 Vr/T; + 7.24 Ti/Trot — 1.65 (r = 0.86, p < 0.001) 


where SA is surface area in m°, The coefficients of 
partial correlation were 0.75 for Vz/T; and 0.69 for 
Ti/ T iot. 


Occlusion Pressures 


Occlusion pressure tracings from all the patients at 
each concentration of enflurane are shown in Fig 4. 
Patient identification numbers are underlined and the 
vaporizer setting is indicated as close to the pressure 
curve as possible. The vertical axis is pressure (in cm 
HO) and the horizontal axis is time (in seconds). 
Absolute values of maximal pressure (P9 max) were 
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Fig 4. Airway occlusion pressures in all subjects. Vertical axis 
is pressure (cm H20); horizontal axis is time (seconds). Patient 
identification is larger underlined number; smaller number close 
to tracing is vaporizer setting. Paper speed was 50 mm/sec 
except in patient 4 (25 mm/sec). 
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less at deeper levels of anesthesia, as was the slope. 
The duration of the occluded breath (that is the 
horizontal distance from the first inflection to a net 
change in direction toward the baseline, TO), varied 
from patient to patient without a clear-cut tendency 
to either lengthen or shorten. The area under a curve 
displaying tension exerted as a function of time is an 
expression of the mechanical work that the organ in 
question (in this instance, the diaphragm) can per- 
form. In all instances the area (i.e., the time-tension 
index) was clearly less at deeper anesthetic levels. 

These features indicate that ventilatory depression, 
in terms of P°, manifests as reduced maximal pres- 
sure, reduced rate at which that pressure is attained, 
and a general reduction in the mechanical transform 
of that output. 


Pulmonary Mechanics 


The ratio of pressure generated at a fixed time 
interval to Vr/T; indicates mechanical impedance to 
flow.? This ratio is usually expressed in terms of P9 
at 0.1 second. However, in the situation where the 
initial portion of the P? curve is, as in the present 
study, essentially linear throughout (i.e. the same 
initial slope), it is possible to use the value of P? at 
time intervals later than 0.1 second, for instance at 0.5 
seconds. This reduces errors in measuring pressures. 
As anesthesia was lightened, individual values of Vr/ 
T; and P? 0.5 increased. The increase was proportion- 
ate, however, and resulted in a nearly constant ratio 
between P? 0.5 and mean inspiratory flow rate (i.e., 
Vr/Tj). The individual data are shown in Fig 5. 

The ratio between maximum occlusion pressure 
(P? max) and the tidal volume of the breath preceding 
occlusion has been called "effective" elastance of the 
respiratory system (E'rs).? The data in this study show 
a trend toward a slight increase in elastance at deeper 
levels of anesthesia. This trend is shown in Fig 6 
together with mean data (+ SEM). The coefficient of 
correlation is 0.4 ( p « 0.05), indicating that increasing 
lung stiffness may be an important but not a major 
factor. 


Discussion 


Anesthetic Technique 


The purpose of this study was to examine the 
ventilatory effects of enflurane during conventional 
clinical anesthesia and surgery. The protocol, there- 
fore, precludes the interpretation of the results in 
terms of a pure pharmacologic study. However, every 
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Fic 5. Relationship between P? at 0.5 sec and mean inspiratory 
flow rate. Arrow (upper right) indicates direction of lighter levels 
of anesthesia. 


effort was made to minimize the effects of the other 
drugs given during the anesthetic. Narcotic premedi- 
cation drugs were not used in order to avoid their 
ventilatory effects. It is unlikely that either pheno- 
thiazine, with its antianalgesic effect, given 1 hour 
before induction, or the induction dose of thiopental, 
significantly influenced the measurements, the first of 
which were made 20 to 30 minutes after induction. It 
is not possible to evaluate the effects of N20. 

A more major difficulty is the relationship between 
inspired and alveolar (i.e., central nervous system) 
enflurane concentrations. Without actually measuring 
alveolar or end-tidal enflurane concentration, it is 
impossible to state with certainty anesthetic depth. It 
seemed reasonable, however, that with a non-re- 
breathing technique, alveolar concentration would 
plateau in about 20 minutes in these healthy individ- 
uals, and that the dial setting of the vaporizer could 
serve as an acceptable approximation of alveolar con- 
centration. We also attempted to minimize the result 
of changes in delivered concentrations by first ex- 
amining the effects of higher concentrations and then 
making the measurements at progressively lower con- 
centrations. In all instances, the measurements were 
made at the end of a period of at least 20 minutes in 
order to have an alveolar anesthetic concentration 
plateau at the time that the measurements were made. 
The possible effects of surgery on ventilation in the 
present study, whose purpose was to evaluate venti- 
lation during clinical enflurane anesthesia and sur- 
gery, cannot be excluded. 


A final point is the question of whether ventilatory 
adaptation may have occurred over a period of time.’ 
No specific attempt to examine this point was made 
in the present study; it seems unlikely that adaptation 
accounts for the changes in ventilation noted because 
of the brie? exposure. 


Results 


The present study was undertaken to define more 
clearly the mechanisms of hypoventilation at various 
levels of enflurane anesthesia. Progressive hypoven- 
tilation wich deepening anesthesia was found to be 
due to reduced mean inspiratory flow rates which 
were, in turn, due to reduced amplitude and slope of 
the occlusion pressure curve and to shortened inspi- 
ratory times. There was no change in breathing fre- 
quency in these unpremedicated subjects. 


50 


Effective Elastance (P^ max./VT; cmH,O//) 





Inspired Enflurane Concentration (75) 


Fia 6. Effects of anesthetic depth on pulmonary elastance 
(mean data + SEM). Elastance is ratio of maximal occlusion 
pressure (P? max) and tidal volume (V). Straight line describes 
relationship for all data derived by least squares linear regres- 
sion. Intercept at 096 enflurane is 28 cm HeO/L. 
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The observed changes in the value and slope of P? 
and, thus, the time-tension index indicate a clear-cut 
reduction in the mechanical transform of neuromus- 
cular ventilatory drive. This reduction in mechanical 
efficiency may be either central, or peripheral, or 
both. Central neurogenic drive and chemoreceptor 
activity are probably depressed by enflurane in a 
manner similar to that of its isomer, isoflurane. In the 
context of the present study, depression of the central 
activity generator will certainly manifest as a reduced 
amplitude of P9. However, the lack of change in rate 
of firing (frequency) and the significant reduction in 
slope of P? shown in Fig 4, particularly at deeper 
levels of anesthesia, suggest that the effector organs, 
the muscles of respiration, are significantly affected. 
This hypothesis rests upon two reported observations. 
The data reported by Sharp et al? are pertinent to this 
hypothesis. The intercostal muscles have a critical 
role when breathing in the supine position. The in- 
tercostals act as a strut to prevent rib cage deformation 
produced by the contracting diaphragm. Thus, for a 
given neural drive, the value of P? depends on the 
integrity of the rib cage muscles and diaphragm acting 
as a couple, and also upon the radius of curvature of 
the diaphragm. Enflurane has a dose-dependent, cu- 
rare-like effect on muscles at an alveolar concentra- 
tion of 296 Presumably the curarizing effects of 
enflurane qualitatively resemble those of curare itself, 
with diaphragmatic sparing until deeper anesthetic 
levels are attained. It is, therefore, only necessary to 


have a slight reduction in the strut effect of the rib 


cage muscles and a small increase in the radius of 
curvature of the diaphragm to obtain the low P? 
values with reduced slope at low alveolar enflurane 
concentration. This qualitatively resembles the effects 
of halothane anesthesia on rib cage musculature. ^! 
At deeper levels of anesthesia, the progressive para- 
lyzing effects on the diaphragm itself will come into 
play, reducing amplitude and slope of P further. 
Lebowitz et al? reported that the curare-like effects of 
enflurane cannot be reversed by neostigmine. The 
differentiation between central depression and pe- 
ripheral effects on the muscles of respiration is, there- 
fore, impossible. We are inclined to believe that the 
muscular effects play a predominant role. In terms of 
the efficiency of gas exchange, this mechanical inef- 
ficiency compounds the effects of the expected 60% 
increase in pulmonary elastance that immediately 
follows the induction of anesthesia.” 

Although breathing frequency did not change, the 
duration of inspiration decreased at deeper levels of 
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anesthesia and had a statistically significant inverse 
correlation with Paco,, indicating the importance of 
the duration of inspiration. The decrease in T; may 
represent central depression. But it is interesting to 
note that awake patients with chronic obstructive lung 
disease (COPD) and CO» retention have a much 
shorter T;, compared with either patients with COPD 
without CO» retention or normal subjects (0.9 + 0.2 
seconds vs 1.5 + 0.4 and 1.7 + 0.3, respectively).?? It 
seems, therefore, that shorter T;s are common to 
patients breathing at a mechanical disadvantage and 
may be a homeostatic mechanism. Derenne, Mack- 
lem, and Roussos“ have stated that the inspiratory 
on-and-off switching mechanism is influenced by,. 
inter alia, reflexes arising from the lungs and the chest 
wall. One can envisage, therefore, that the smaller T;/ 
Tto: ratio (also called the "duty cycle") is due to the 
peripheral effects of enflurane. This possibility fits 
with the hypothesis that central neurogenic drive in 
the present study may, in fact, have changed mini- 
mally with depth of anesthesia but that this minimal 
change was masked by the effect of enflurane on 
respiratory muscles, resulting in an inappropriate re- 
sponse to central neurogenic drive. By an entirely 
different line of reasoning, Derenne and colleagues 
proposed that the cause of hypoventilation during 
anesthesia with methoxyflurane (which does not have 
curare-like effects’’), is peripheral rather than central 
in origin. The differences and similarities between the 
two studies must be examined closely in order to 
appreciate the reasoning that led to these suggestions. 
The conclusions of Derenne et al were based on the 
observation that the values of occlusion pressures 
measured during CO» rebreathing during methoxy- 
flurane anesthesia at a constant concentration (0.3%) 
were almost identical with those that they had previ- 
ously measured in awake subjects during CO»; re- 
breathing. In the present study, occlusion pressures 
were less at deeper levels of anesthesia, an observation 
that may be largely due to respiratory muscle weak- 
ness. The study of Derenne et al, reported that mean 
effective elastance (when alveolar Pco, was 55 torr) 
was 43.4 cm H3O/L, a value much higher than that 
calculated for awake subjects. Their thesis was, there- 
fore, that lung stiffness is primarily responsible for 
hypoventilation during methoxyflurane anesthesia 
manifesting as a ventilatory output that was inappro- 
priate for the CO» stimulus. It has previously been 
reported' that ventilation during enflurane anesthesia 
is a direct function of FEVi0, a relationship that is 
probably due to the intraoperative reduction in pul- 
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monary mechanical efficiency and in FRC, the extent 
of which is inversely related to FEVi». It is interesting 
to note that mean effective elastance in the present 
study, when inspired enflurane concentration was 2 
to 396, was 39 to 44 cm H3O/L. Furthermore, atropine 
increases pulmonary ventilation during enflurane an- 
esthesia, presumably by reducing airway resistance.'? 
It thus appears that hypoventilation during both en- 
fIurane and methoxyflurane anesthesia is due to the 
intraoperative mechanical properties of the ventila- 
tory apparatus. The major difference between the two 
agents in question seems to be the dose-related cu- 
rariform effect of enflurane on respiratory muscles 
which further decreases the efficiency of the ventila- 
tory pump. 

The hypothesis that hypoventilation during enflur- 
ane anesthesia is largely, or principally, peripheral 
(muscular) rather than central can be tested by ex- 
amining the effects of different enflurane concentra- 
tions on rib cage vs diaphragmatic contributions to 
tidal breathing with electromyographic recording of 
the activity of the various muscles concerned as re- 
ported for halothane by Tusiewicz et al,” and Jones 
et al.” 

The measurements made in the present study allow 
us to determine whether increasing lung stiffness 
plays a role in reducing ventilation during clinical 
enflurane anesthesia. Effective impedance to breath- 
ing is the ratio of timed occlusion pressure to mean 
inspiratory flow rate. In all the patients, both P? 0.5 
and V4/T increased as anesthesia was lightened. The 
increase in both was proportional, resulting in a nearly 
constant value of the ratio (Fig 5 and Table). Another 
index of lung mechanics is effective elastance. In most 
subjects, there was a tendency for E'rs to be greater 
at deeper levels of anesthesia (Fig 6). The correlation 
between individual values and the inspired concen- 
tration was only 0.4 ( p « 0.05), however, indicating 
that increasing lung stiffness with anesthetic depth 
plays a relatively minor role in normal subjects 
breathing spontaneously during enflurane anesthesia. 

In conclusion, progressive hypoventilation with in- 
creasing depth of enflurane anesthesia results from 
the less efficient mechanical transformation of neu- 
romuscular ventilatory drive, together with a progres- 
sive shortening of the duration of inspiration. Increas- 
ing lung stiffness also plays a role. These effects 


compound -he consequences of central depression by 
anesthesia and the increased impedance to gas flow 
usually found after induction of anesthesia. 
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Thumb adductor twitch response to train-of-four (2 Hz for 2 seconds) stimulation of the ulnar 
nerve was used to assess the clinical characteristics of long-term neuromuscular blockade 
induced with continuous infusion of succinylcholine during balanced (N;O-O.»-narcotic-thio- 
pental) anesthesia. Twitch depression of 80 to 9096 was maintained for 86 to 365 minutes by 
continuous infusion of succinylicholine at 86 + 5(SEM) ug/kg/min. Of 32 patients, 24 devel- 
oped phase ll block, defined as a train-of-four ratio of less than 5096. There was a large 
degree of individual variability in sensitivity to development of phase ll block. This precluded 
defining a narrow dose range where transition from phase I to phase II occurred. Tachyphy- 
laxis occurred in 25% of patients and was independent of the type of block. Neither dose nor 
duration of infusion was predictive of spontaneous recovery rate from phase Il block. Of 24 
patients who developed phase ll block, 5096 recovered spontaneously at a rate comparable to 
the recovery rate from a phase | block. The other 50% manifested prolonged recovery of 
neuromuscular function. After observing spontaneous recovery in these patients for 31 + 
5(SEM) minutes, successful antagonism of residual phase Il block with anticholinesterase 


agents was achieved. 


Key Words: NEURCMUSCULAR RELAXANTS: succinylcholine; MEASUREMENT TECHNIQUES: neuromuscular 


blockade. 


5 DOSE and duration of succinylcholine (SCh) 
administration increase, the characteristics of 

the induced neuromuscular block change from de- 
polarizing to non-depolarizing or phase II block. 
Classically this is manifested by fade to tetanic stim- 
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ulation, post-tetanic facilitation, and antagonism of 


the block by anticholinesterase (anti-ChE) agents." 


The development of phase II block may coincide with 
delayed recovery of neuromuscular transmission.” ? 
Using train-of-four fade as an indicator of transition, 
Lee? found a slow recovery of thumb twitch associated 
with transition from phase I to phase II block in 
patients during inhalation anesthesia with halothane. 
Savarese et al? demonstrated the clinical usefulness of 
train-of-four monitoring in the management of pro- 
longed neuromuscular blockade following SCh in 
patients with atypical plasma cholinesterase. 

With train-of-four nerve stimulation, a depolariz- 
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ing block results in equal inhibition of all four 
twitches in the train, while the development of phase 
II block from SCh is evidenced by marked diminution 
in the height of the fourth twitch relative to that of 
the first, i.e., "fade." Train-of-four monitoring pro- 
vides reliable assessment of neuromuscular transmis- 
sion without altering the response to successive stim- 
uli. This is in contrast to tetanic stimulation, which 
augments post-tetanic twitch height and has a “‘de- 
curarizing effect.” ?° The train-of-four technique al- 
lows the quantification of fade to be tested as fre- 
quently as every 10 seconds, thus improving the 
accuracy of determining changes in the characteristics 
of a SCh-induced block. 

Utilizing the train-of-four stimulus pattern, we 
studied the clinical characteristics of long-term SCh 
neuromuscular blockade during balanced anesthesia 
for surgical procedures lasting up to 6 hours. The 
study was performed to determine the incidence of 
phase II block during prolonged administration of 
SCh. We measured the dose and duration of SCh 
administration required to produce phase II block, 


and the duration required for spontaneous recovery. 


from the block. The recovery rate of patients who 
developed phase II block was compared with similar 
data obtained in patients who maintained phase I 
block. In patients demonstrating prolonged recovery 
from phase II block, we determined the effect of anti- 
ChE agents on the recovery pattern. 


Methods 


Thirty-two consenting surgical patients, ranging in 
age from 20 to 71 years with an A.S.A. clinical status 
of I or Il, were studied. No patient had clinical evi- 
dence of neuromuscular disease; none was taking 
drugs known to affect neuromuscular transmission. 

Anesthesia was induced with a sleep dose of thio- 
pental (3 to 5 mg/kg) and maintained with N2O and 
Os at 4 and 2 L/min, respectively, administered via a 
semiclosed circle system with COs absorber. Narcot- 
ics (morphine, 0.2 mg/kg, or meperidine, 1.5 mg/kg) 
and additional thiopental were administered intrave- 
nously in accordance with anesthetic requirements. 
Ventilation was controlled with an Ohio volume-cy- 
cled ventilator adjusted to deliver 10 to 12 cc/kg at a 
rate of 8 breaths/minute. Muscle relaxation was 
achieved with a bolus of SCh (1 mg/kg IV) to facilitate 
tracheal intubation and maintained by continuous 
infusion of SCh (0.4%) via an IMED (model 922) 
volumetric infusion pump. 

Cardiovascular monitoring included blood pressure 


by sphygmomanometer, heart rate by esophageal 
stethoscope, and oscillographic display of lead II of 


"the electrocardiogram except when more invasive 


monitoring was deemed necessary because of the 
nature of the surgical procedure. 

Square wave pulses 0.2 msec in duration at 2 Hz 
for 2 seconds (train-of-four stimuli) were delivered at 
supramaximal voltage by a Grass 588 stimulator 
through an isolation unit (model SITUS) to the ulnar 
nerve via 23-gauge steel needle electrodes placed 
subcutaneously over the ulnar nerve at the wrist. 
Successive train-of-four stimuli were delivered at a 
frequency o: 0.1 Hz. The adductor twitch response of 
the thumb was recorded on a Grass (model 7C) pol- 
ygraph via e Grass (FT-10) force transducer. 

When twitch began to recover after the 1-mg/kg 
intubating dose of SCh, the continuous infusion of 
SCh (0.490) was begun. The infusion rate was adjusted 
to maintain the height of the first twitch (T) in each 
train-of-four at 10 to 2096 of control twitch height 
(T). The steady-state infusion rate required to main- 
tain 80 to 90% twitch depression was determined and 
expressed in micrograms per kilogram per minute. 
Tachyphylaxis was considered to occur if greater than 
a 2096 increase in rate of SCh infusion became nec- 
essary to maintain 80 to 9096 twitch depression. The 
criterion for development of phase II block was cho- 
sen as the point where the fourth twitch (T4) in a 
train-of-four response became less than 5096 of the 
height of the first twitch ( T1) in the same train (T4/T| 
< 50%). 

When surgical relaxation was no longer required, 
the SCh infusion was discontinued, and spontaneous 
recovery of the train-of-four response was observed. 
The time from 25% to 95% recovery of single twitch 
was measured in patients who recovered to 95% of 
control. Patients whose first twitch failed to reach 95% 
of control cr whose train-of-four ratio was less than 
60% at conclusion of surgery were given edrophon- 
ium, 0.1 mg/kg, and atropine, 0.4 mg, approximately 
30 minutes following the conclusion of SCh infusion 
as a trial of antagonism of residual phase II block. If 
edrophonium produced a distinct improvement in 
twitch height, then neostigmine (1.0 to 2.5 mg) and 
atropine (0.4-1.0 mg) were also given 5 to 10 minutes 
later. The effects of anti-ChE agents on twitch and 
train-of-four responses were recorded. Nitrous oxide 
was then discontinued; extubation was performed 
after the patient demonstrated ability to sustain head 
lift for 5 seconds. 

All doses of SCh include the I-mg/kg bolus to 
facilitate tracheal intubation. Duration of administra- 
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tion extends from the time of the 1-mg/kg bolus until 
the infusion was stopped. All values in the text are 
means + standard errors of the mean (SEM). Means, 
standard errors of the mean, and ranges are included 
in the tables. Statistical significance between groups 
was tested using an analysis of variance. Differences 
were considered statistically significant when p « 
0.05. 


Results 


Table 1 summarizes the data for all 32 patients 
included in the study. The total SCh dose was 13.0 
+ 1.0 mg/kg and the duration of administration was 
168 + 13 minutes. The shortest duration of infusion 
was 86 minutes with a total dose of 5.0 mg/kg, and 
the longest period of administration was 365 minutes 
with a total dose of 21.0 mg/kg. Five patients received 
more than 20 mg/kg, the greatest dose being 29.3 
mg/kg. The steady-state infusion rate required to 
maintain 80 to 90% twitch depression was 86 + 5 ug/ 
kg/min. 

The 32 patients are divided into two groups, de- 


TABLE 1 


High-Dose Succinylcnoline Administration during Balanced 
Anesthesia* 


Duration of Steady-state 
Group N Dose SCh adminis- infusion 
‘ tration rate 
mg/kg min ug / kg / min 
[+ Il (total) 32 13.0 + 1.0 168 +13 86+ 5 
5.0-29.3 86-365 32-175 
I (phase f) 8 9.2 + 1.41 111 x 8t 78 * 6 
5.0-17.2 86-155 60-110 
{phase I) 24 14.3 + 1.2f 187 + 15+ 88 + 7 
5.9-29.3 32-175 


87-365 


* Values are means :: SEM and range. 
+ Group i dose and duration significantly less than group Il, p < 0.05. 


TABLE 2 


Development of Phase Il Block during Succinylcholine Infusion* 


pending on whether or not they met the criteria for 
development of phase II block. Eight (group I) of 32 
patients never developed phase II block, i.e., the T4/ 
Tı ratio always exceeded 50%. These patients received 
9.2 + 1.4 mg/kg of SCh over a period of 111 + 9 
minutes. The steady-state infusion rate required to 
maintain 80 to 90% twitch depression was 78 + 6 ug/ 
kg/min. Twenty-four (group II) of the 32 patients 
developed a phase II block, defined by T4/T, less than 
5096. These patients received 14.3 + 1.2 mg/kg of 
SCh over a span of 187 + 15 minutes. The steady- 
state infusion rate required to maintain 80 to 90% 
twitch depression in group II was 88 + 7 ug/kg/min. 
The mean total dose and mean total duration of SCh 
administration were significantly greater (p « 0.05) in 
group II than group I. Although the steady-state in- 
fusion rate was slightly greater in group II than group 
I, the difference was not statistically significant. 

The data from group II are presented in further 
detail in Table 2. The 24 patients are divided into two 
subgroups, depending on whether recovery from 
phase II block was entirely spontaneous (group IIA), 
or enhanced by anti-ChE agents (group IIB). The 12 
patients in group IIA who recovered spontaneously 
received 12.8 + 1.4 mg/kg of SCh over 162 + 21 
minutes. The 12 patients in group IIB received 15.9 
+ 1.9 mg/kg of SCh over 211 + 20 minutes. Although 
group IIB received more SCh over a longer period 
than did group IIA, the difference was not statistically 
significant. Similarly, the steady-state infusion rates 
required to maintain 80 to 90% twitch depression did 
not differ significantly between the two groups. 

The onset of phase II block (the dose and time at 
which T,/T; reached 50%) occurred after 6.8 + 1.3 
mg/kg of SCh at 98 + 20 minutes in group IIA and 
after 6.7 + 1.2 mg/kg of SCh at 88 + 10 minutes in 
group IIB. The difference was not statistically signif- 


Onset of Phase II 
Steady-state 


Group N Entire dose Entire duration Duration of SCh ibihision rsie 
Dose i à 
administration 
mg/kg min mg/kg min ug/kg/min 
I 24 14.3241.2 187 + 15 6.8 + 0.9 93 + 11 88 +7 
5.9-29.3 87-365 2.3-17.9 42-280 32-175 
HA (spontaneous recov- 12 12.8 + 1.4 162 + 21 6.8 + 1.3 98 + 20 98 c 12 
ery adequate) 5.9-21.7 87-365 2.5-17.9 44-280 60-175 
IB (spontaneous recov- 12 15.9 + 1.9 211 + 20 6.7 1:2 88 + 10 IE 
ery inadequate) 10.0-29.3 103-355 2.3-16.5 42-159 32-125 


* Values are means + SEM and range. 
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icant. The earliest onset of phase II block occurred at 
2.3 mg/kg of SCh after 42 minutes of administration. 
In contrast, one subject failed to develop phase Il 
block until 17.9 mg/kg of SCh had been given over 
280 minutes. Fig 1 illustrates the development of 
phase II block in a patient as a function of dose and 
time. 

Twelve (group IIA) of the 24 patients who devel- 
oped phase II block recovered spontaneously to 95.5 
+ 0.496 of control twitch within 15 + 3 minutes 
without pharmacologic antagonism. The 25 to 95% 
twitch recovery time in these patients was 12.7 + 2.4 
minutes. The comparable recovery time for the pa- 
tients in group I who never developed phase II block 
was 9.9 + 2.6 minutes. Although the patients in group 
IIA recovered at a slower rate than those in group I, 
the mean difference was only 2.8 minutes and was 
not statistically significant. Fig 2 demonstrates spon- 
taneous recovery from phase II block in two patients; 
one recovered in less than 10 minutes (Fig 2, top) and 
one required 28 minutes (Fig 2, bottom) for adequate 
recovery. 

Additional data on recovery from phase II block 
are presented in Table 3. The 12 patients in group HA 
who recovered rapidly from phase II block achieved 


ER. 


TIME [e 3 20 33 
{min} . 


47 62 70 78 98 110 126 


CNET 


Total Dose fax) 102 164 228 321 38í 445 605 TOt 
nS CR) 68 70 60 so 33 24 18 i2 {0 
Fig 1. Development of phase If block during continuous suc- 


cinylcholine infusion. At 62 minutes after 321 mg of SCh, 74/T; 
was 50% (onset phase ll). With continued administration of SCh 
the degree of fade progressed so that at 126 minutes after 830 
mg of SC3 T4/T, was 10%. 


TABLE 3 
Recovery from Succinylcholine-Induced Phase Il Block* 





L.G. 
TIME O 1 2 3 4 5 6 7 8 9 10 
(min) T ie 1 1 
P. "m ; 
INFUSIO 4 ull | s 
aw i | 
h 
EUNT | 
n l 
Total Cose-594 mg (8.9 mg/kg); Duration-108 min 
S.K. 
TIME O 3 7 10 16 2i 28 
(min) 


B ud " "m 


Total Cose -1084 mg (15.5 mg/kg); Duration - 207 min 

Fia 2. Top, rapid spontaneous recovery from phase ll block 
following continuous succinylcholine infusion in a patient who 
received 8.9 mg/kg of SCh over 108 minutes. When the infusion 
was stopped, 7, was 2096 of T, and the train-of-four value was 
25%. Ten minutes after SCh was stopped, T, was 100% of T, 
and 74/7, was 85%. Bottom, more prolonged spontaneous 
recovery from phase ll block following continuous succinylcho- 
line infusion ir a patient who received 15.5 mg/kg of SCh over 
207 minutes. Twenty-eight minutes after SCh was stopped, 7; 
was 100% of T, and T,/T, was 70%. 


99.596 single twitch recovery, and the train-of-four 
value recovered to 83% within 15 + 3 minutes. Eleven 
of the 12 patients in group IIB who demonstrated 
inadequate spontaneous recovery received anti-ChE 
agents as a trial of antagonism of residual phase II 
block. One patient in group IIB was electively venti- 
lated postoperatively so antagonism was not at- 
tempted. 

Prior to attempted antagonism with endrophonium, 
spontaneous recovery of the train-of-four response 
was observed for a period of 31 + 5 minutes. During 





Group N Recovery mode 
T/T. 
i | 96 
HA 12 Spontaneous 99.5 + 0.4 
95-100 
IB 11 Antagonized 7645 
53-100 
HB 1 Spontaneous 67 
(left intubated 
electively) 


Degree of spontaneous recovery 


Time to maximum Recovery after antagonism 


* Values are means + SEM and ranges except for one patient in group IIB. 


T NA, not applicable. 


spontaneous 
74/Ti recovery Ti/T, TaT, 
min % 
83+3 15243 NAT NA 
65-94 5-33 NA NA 
48 +6 31245 99.5 + 0.5 81 x3 
16-69 21-65 95-100 62-100 
43 28 NA NA 
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INFUSION 
OFF 


| | 
ao AA iu 


Tc 


Tota! Dose-802 mg (11.5 mg/kg); 


Fig 3. Edrophonium antagonism of phase il block produced by 
continuous succinylcholine infusion. Patient had received 11.5 
mg/kg of SCh over 163 minutes. During 23 minutes of sponta- 
neous recovery, twitch recovered to 8096 of control and the 


this period Tı recovered to 76% of T. and T4/Ti 
improved to 48%. Following edrophonium (0.1 mg/ 
kg) and neostigmine (0.015 mg/kg), Tı promptly im- 
proved to 99.5% of Te and T4/T; increased to 81%. 
The block did not worsen in any patient following 
administration of anti-ChE agents. Fig 3 demonstrates 
pharmacologic antagonism of residual phase II block 
from SCh. 

Tachyphylaxis to SCh, manifested by a 2096 or 
greater increase in rate of infusion to maintain 80 to 
9096 twitch depression, was noted in eight of the 32 
patients. Two of these subjects (group I) never devel- 
oped phase II block. Of the six demonstrating tachy- 
phylaxis who developed phase II block, four re- 
covered spontanecusly (group IIA), and two received 
anti-ChE agents (group IIB) to antagonize residual 
phase II block. 

One patient in group HB required 32 ug/kg/min of 
SCh to maintain 80 to 90% twitch depression, sub- 
stantially less than the other patients in the study 
needed. This patient’s dibucaine number was 73; 
however, plasma esterase activity was 66 uM acetyl- 
choline/hour/ml (normal range 150 to 300). In this 
patient after 28 minutes of spontaneous recovery T; 
was 75% of T. and T4/T1was 33%. After edrophonium 
(10 mg) and neostigmine (2.5 mg), Tı recovered to 
100% of Te and T4/T; improved to 82%. 


Discussion 


In our study, 7596 of patients undergoing balanced 
anesthesia who received continuous 5Ch infusion to 
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ATROPINE 0.4 mg LV. 
EDROPHONIUM 5mg LV 


uiui 


o ——À—— — a $ 





Duration-163 min 


train-of-four value reached 4396. Administration of edrophonium 
(5 mg) with atropine (0.4 mg IV) resulted in prompt recovery of 
T, to 9596 of T, and T,/T; to 86%. 


achieve 80 to 9096 twitch depression for 86 to 365 
minutes developed phase II block. We found great 
individual variability in both the dose of SCh and 
duration of infusion necessary to produce phase II 
block. This is consistent with earlier reports of Katz 
et al? Katz and Ryan,’ Crul et al? and Sokoll and 
Bastron.’ Although the patients who developed phase 
II block received significantly more SCh over a longer 
period than did patients who maintained phase I 
block, the variability was so great that we cannot 
define a dose of SCh or duration of administration 
for which one can expect the transition to occur. We 
suspect that the eight patients in group I would have 
progressed to phase II block had they received suffi- 
cient amounts of SCh. The fact that the total dose and 
duration of SCh infusion in this group was greater 
than that necessary to produce phase II block in group 
II indicates that the group I patients were, on the 
average, more resistant to developing phase II block 
than those included in group II. One patient in group 
IL, who received 29 mg/kg of SCh, did not manifest 
5096 fade of the train-of-four response until 16 mg/ 
kg had been administered. This patient would have 
been in group I had the dose of SCh been less than 16 
mg/kg, ie. if the procedure had been shorter. Be- 
cause individual variability is so great, one cannot 
predict in advance what dose of SCh is sufficient to 
produce phase II block. In general, the likelihood 
increases with continued administration of the drug. 

With continuous administration of SCh, we found 
the response to train-of-four stimulation to progress 
gradually from minimal fade, characteristic of a de- 
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polarizing block, to a marked degree of fade, consist- 
ent with a non-depolarizing or phase II block. Al- 
though we have arbitrarily defined a significant phase 
II block as one in which the train-of-four fade is 50% 
or greater, this does not imply an abrupt onset of 
phase II, as reported by Lee.!' ? During both halo- 
thane and enflurane anesthesia, Lee found a narrow 
dose range (3-5 mg/kg) where train-of-four rapidly 
faded concurrent with the onset of tachphylaxis. The 
membrane-stabilizing effects of potent inhalation 
agents used in Lee's studies may have magnified the 
phase II effect and caused it to become manifest at 
lower doses than we found during balanced anesthe- 
Sia. 

With continuous infusion of SCh during enflurane 
anesthesia, Lee and co-workers observed a short- 
lasting steady state of neuromuscular blockade fol- 
lowed by a longer lasting steady state which coincided 
with phase I and phase II blocks, respectively. They 
found the onset of tachyphylaxis to be associated with 
transition from one steady state (phase J) to the other 
(phase IT). Since depolarizing and non-depolarizing 
blocks are antagonistic, they concluded that tachy- 
phylaxis resulted at least in part from “self-antago- 
nism” between the depolarizing (phase I) and non- 
depolarizing (phase II) effects of SCh. 

Contrary to Lee’s results, during balanced anesthe- 
sia we did not find tachyphylaxis to be associated 
with transition from phase I to phase II block. Tach- 
yphylaxis occurred in eight of the 32 patients, but 
occurred with equal frequency (25%) in the phase I 
and phase II groups. Our results do not support the 
theory of self-antagonism between phase I and phase 
Il as an explanation for tachyphylaxis. Possible alter- 
native explanations for tachyphylaxis include enzyme 
induction leading to increased metabolism of SCh 
and decreased plasma levels for a given rate of infu- 
sion or a change in receptor sensitivity to SCh with 
time. Since we are unaware of any evidence for in- 
duction of plasma cholinesterase we suspect that tach- 
yphylaxis represents a change in end-organ sensitivity 
to SCh. Our results indicate that tachyphylaxis can 
occur whether the block is depolarizing or phase II in 
character. Therefore, during balanced anesthesia, de- 
velopment of tachyphylaxis cannot be relied upon to 
indicate a change in the nature of the block from 
phase I to phase II. Also, since the steady-state infu- 
sion rate required to maintain 80 to 9096 twitch de- 
pression did not differ between the phase I and phase 
II groups, it cannot be used as an indicator or predictor 
of phase II block either. 

Katz and Ryan? found that four of nine patients 


who received a continuous infusion of SCh for 2 
hours required 51 to 69 minutes for single-twitch 
recovery. In a study by Crul and co-workers, 20 of 
28 patients developed phase II block during admin- 
istration of SCh. Full recovery of twitch and tetanus 
was more prolonged in patients with phase II block 
than in patients who maintained a phase I block. Lee 
et al" found an abrupt onset of slow recovery in train- 
of-four response associated with marked train-of-four 
fade which occurred over a narrow dose range. 

Our results are at variance with Lee's findings, 
possibly because of the different anesthetic tech- 
niques employed. Of the 24 patients in our study who 
developed phase II block, 12 (group IIA) spontane- 
ously recovered adequate neuromuscular function 
within 12.7 + 2.4 minutes. Although this was a slightly 
slower rate of recovery than that of the patients in 
group I who maintained phase I block, the difference 
was not significant. The other 12 patients (group IIB) 
did not recover adequate neuromuscular function 
within 31 + 5 minutes, as indicated by T; less than 
95% of T. and T4/Tı less than 60%. These patients 
received edrophonium and neostigmine to antagonize 
residual phase II block. Although the patients who 
received anti-ChE agents (group IIB) to antagonize a 
residual block received slightly more SCh (15.9 vs 
12.8 mg/kg) over a longer period (211 vs 162 minutes) 
than those who recovered spontaneously (group IIA), 
the differences were not statistically significant. Thus, 
among patients developing phase II block, neither 
dose nor duration of SCh administration served as 
reliable predictors of spontaneous recovery rate or 
suggested the need for eventual antagonism of resid- 
ual phase II block. 

Churchill-Davidson and associates? demonstrated 
the ability of anti-ChE agents to antagonize phase II 
block from SCh. Katz et a? found that edrophonium 
antagonized the block produced by SCh in all patients 
who received more than 3 mg/kg. Nevertheless, Gis- 
sen and co-workers” asserted that the use of long- 
acting anticholinesterases was contraindicated at any 
time during or after the use of depolarizing com- 
pounds. They reasoned that should any circulating 
SCh be present, administration of an anti-ChE agent 
would inhibit hydrolysis of SCh and lead to enhance- 
ment rather than antagonism of the block. They also 
stated that recovery should be prompt even after 
prolonged administration of SCh, provided that the 
rate of administration did not exceed that required for 
complete blockade. 

Sokoll and Bastron’ successfully reversed phase II 
block with edrophonium in patients who manifested 
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residual phase II block 30 minutes after SCh was 
discontinued, Lee® found that a train-of-four ratio of 
less than 0.4, measured when twitch was 30 to 50% of 
control, was associated with effective antagonism of 
phase II block by edrophonium. The greater the fade 
in train-of-four, the more effective the antagonism 
became. On the other hand, when the train-of-four 
ratio was greater than 0.4, Lee found that edrophon- 
ium enhanced the block. 

Spontaneous but incomplete recovery in group IIB 
was observed for 31 + 5 minutes prior to edrophon- 
ium administratior. Neuromuscular function in these 
patients had partially recovered from 9096 inhibition 
of twitch. Recovery of twitch had reached a plateau at 
76 + 5% of T, with further increase in twitch height 
progressing at only 0.4% of Te per minute before anti- 
ChE agents were g:ven. No anti-ChE agent was given 
less than 20 minutes after stopping the SCh infusion 
so circulating levels of SCh should have been negli- 
gible. Under these conditions we found that residual 
phase II block follewing SCh administered by contin- 
uous infusion for up to 6 hours in doses exceeding 20 
mg/kg could be antagonized with anticholinesterase 
agents. The concern that anti-ChE drugs, which also 
inhibit plasma ckolinesterase, might prolong the 
block by preventing SCh hydrolysis, was inconse- 
quential under the conditions of our study. 

Our study shows that the development of phase Il 
block with continuous SCh administration during 
balanced anesthesia is a gradual process. The degree 
of fade to train-of-four stimulation progresses with 
continued administration of the drug. A great degree 
of individual variability exists with regard to the dose 
of SCh sufficient to produce phase II block. Thus, a 
narrow dose range where one can expect phase II 
block to develop cannot be defined. Neither the rate 
of SCh administration required for 80 to 9096 twitch 
depression nor the occurrence of tachyphylaxis was 
a reliable predictor of the onset of phase II block. The 
rate of spontaneous recovery from phase II block in 
our patients was extremely variable. Although some 
patients recovered rapidly, whether the block was 
depolarizing or phase II in character, approximately 
5096 of those developing phase II block experienced 
a prolonged recovery lasting ’ hour or more. We 
suggest that antagonism of a SCh-induced phase II 
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block with anti-ChE agents may be attempted after 
spontaneous recovery of twitch has been observed for 
a period of 20 to 30 minutes and has reached a plateau 
phase with further recovery proceeding slowly. In this 
situation edrophonium and neostigmine invariably 
produce dramatic acceleration of the return of train- 
of-four toward normal. We strongly recommend that 
monitoring of neuromuscular function be performed 
when using SCh by continuous infusion for surgical 
relaxation. Train-of-four monitoring is useful in 
avoiding SCh overdose, detecting the development of 
a phase II block, following its rate of recovery, and 
assessing the effects of anti-ChE agents on recovery 
from phase II block. 
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The finding in cats of prolonged pancuronium neuromuscular blockade in conjunction with 
intravenous infusion of nitroglycerin was previously reported by this laboratory. To expand on 
this finding the present study compared the effects of nitroglycerin on neuromuscular block- 
ade produced by gallamine, d-tubocurarine, succinylcholine, and pancuronium, and further 
characterized the nitroglycerin-pancuronium interaction. The results indisate that of the relax- 
ants studied only pancuronium neuromuscular blockade is prolonged, and that the prolonga- 
tion is not due to altered plasma elimination of pancuronium. In vitro pancuronium blockade 
was not affected by nitroglycerin, suggesting the involvement of a metabolite in the block 
prolongation response. Reversibility of the prolonged pancuronium block by neostigmine is 


not influenced by nitroglycerin. 


Key Words: NEUROMUSCULAR RELAXANTS: pancuronium; PHARMACOLOGY: nitroglycerin. 


ONTINUOUS intravenous infusion of nitroglyc- 

erin has recently been used as a means for 
decreasing cardiac pre- and afterload in patients un- 
dergoing coronary artery bypass operations.’ In our 
early clinical experience with intravenous nitroglyc- 
erin for this purpose we noted prolongation of pan- 
curonium neuromuscular blockade in a patient re- 
ceiving nitroglycerin infusion. This nitroglycerin-pan- 
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curonium interaction was confirmed experimentally 
in cats,” 

To expand on these findings, we undertook the 
present study to: (1) investigate and compare the 
effects of intravenous nitroglycerin on neuromuscular 
blockade produced by commonly used relaxants, i.e., 
gallamine, d-tubocurarine, succinylcholine, and pan- 
curonium; (2) determine whether the prolongation of 
pancuronium block was due to a decreased clearance 
of plasma pancuronium; (3) compare in vivo and in 
vitro pancuronium doses needed to produce 50% 
muscle bleckade in the presence and absence of ni- 
troglycerin infusion; and (4) determine the reversibil- 
ity of the prolongation of pancuronium blockade 
produced by nitroglycerin. 


Methods and Materials 


Adult male cats were used in the in vivo experi- 
ments. Approval from the Institutional Committee on 
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Animal Care was obtained. All cats were prepared in 
an identical manner. Anesthesia was provided using 
alpha-chloralose, 60 mg/kg IP. A tracheostomy was 
performed and with mechanical ventilation Paco, 
maintained between 35 to 40 torr throughout the 
experiment. A cannula was placed in the carotid artery 
through which arterial blood pressure was monitored. 
The external jugular vein was cannulated for admin- 
istration of intravenous fluids and drugs. The left 
gastrocnemius muscle and sciatic nerve were isolated 
and connected to a force displacement transducer and 
a Grass 544 nerve stimulator, respectively, to measure 
the muscle response.” * Supramaximal stimuli of 0.2 
Hz and 0.2-msec duration were used for nerve stim- 
ulation. Muscle contractions were recorded on a Hew- 
lett-Packard oscillographic recording system. Twitch 
amplitude was measured directly from metrically cal- 
ibrated recording paper. The absence of a recordable 
twitch response was taken to indicate complete mus- 
cle paralysis; complete recovery from the block was 
taken to be the time when the twitch height equaled 
the pre-block control height. Lead II electrocardi- 
ogram was monitored using standard needle elec- 
trodes. Body temperature, blood gas tensions and 
electrolytes, and urine output were measured 
throughout the experiments. All remained within nor- 
mal ranges. 

To study the effect of nitroglycerin infusion on 
neuromuscular blockade produced by commonly 
used relaxants two groups of cats were used, control 
and experimental, The control group received contin- 
uous intravenous infusion of 5% dextrose in water 
(D5W) at the rate of 0.03 ml/kg/min. After 1 hour of 
infusion, either pancuronium (0.126 mg/kg), succi- 
nylcholine (0.05 mg/kg), d-tubocurarine (0.312 mg/ 
kg), or gallamine (1.83 mg/kg) was injected as an 
intravenous bolus. Preliminary experiments estab- 
lished these relaxant doses as being approximately 
equipotent in the cat. The maximum degree of neu- 
romuscular blockade and the time from drug injection 
to 100% twitch recovery were recorded. In addition, 
twitch height was recorded at 1-minute intervals from 
the first measurable sign of twitch recovery until 
complete recovery had occurred. A minimum of four 
cats were used for each relaxant. 

The experimental group was treated in an identical 
manner, except that in place of the D5W, continuous 
— intravenous infusion of nitroglycerin (32 ug/ml) was 
used at the rate of 1.0 ug/kg/min. À minimum of four 
cats were used for each relaxant. 

Plasma pancuronium levels were measured in two 
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additional groups of cats, treated the same as above, 
one group (N = 4) receiving pancuronium during 
infusion of D5W and the other pancuronium during 
infusion of nitroglycerin (N = 5). The pancuronium 
levels were measured at various times during the 
muscle blockade beginning 1 minute after the maxi- 
mum degree of blockade had been achieved. The 
fluorometric method of Kersten et al* was used to 
measure the plasma pancuronium. 

The dose of pancuronium needed to produce a 50% 
neuromuscular block in the presence and absence of 
nitroglycerin infusion was determined in both in vitro 
and in vivo preparations. For the in vitro preparation, 
20 experiments were carried out using the standard 
isolated rat phrenic nerve-diaphragm preparation.” 
The phrenic nerve was stimulated supramaximally at 
a rate of 1.0 Hz and a duration of 0.2 msec; the twitch 
height was recorded oscillographically. The concen- 
trations of pancuronium (micrograms per 50-ml bath) 
needed to produce a 50% neuromuscular blockade 
were measured in the presence of nitroglycerin con- 
centrations in the bath of 0.00, 0.0064, 0.064, 0.64, 
and 6.40 ug/ml (N = 4 each). For the in vivo prepa- 
ration, eight experiments were carried out using the 
intact cat sciatic nerve-gastrocnemius muscle prepa- 
ration described above. The micrograms per kilogram 
of pancuronium needed to produce a 50% neuromus- 
cular blockade was determined in the absence (N = 
4) and presence of nitroglycerin infusion, 1.0 ug/kg/ 
min (N = 4). Twitch recovery was recorded at 1- 
minute intervals from the time when recovery from 
the block first began until complete recovery had 
occurred. l 

In additional cat experiments tetanic fade and post- 
tetanic potentiation (N = 4) and neostigmine reversal 
(N = 4) were studied. Tetany was produced using 
supramaximal stimulation at 50 and 100 Hz and 0.2- 
msec duration. Neostigmine at a dose of 0.05 mg/kg 
mixed with atropine (0.02 mg/kg) was given when 
recovery from the nitroglycerin-prolonged block had ` 
reached 25%. 

Statistical analysis of data was performed using the 
nonpaired “t” test. Recovery slope analysis was per- 
formed using linear regression and analysis of covar- 
iance. A probability less than 0.05 was considered to 
indicate a statistically significant difference. 


Results 


The effect of nitroglycerin (NTG) on the duration 
of neuromuscular blockade produced in vivo by com- 
monly used relaxants can be seen in Fig 1. NTG 
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Fia 1. Effect of continuous intravenous infusion of nitroglycerin 
on the duration of neuromuscular blockade. Abscissa represents 
percent change in duration of neuromuscular blockade for each 
relaxant with nitroglycerin (NTG) infusion compared to blockade 
duration without nitroglycerin infusion (100%). Doses of relax- 
ants were: pancuronium (PANC), 0.126; succinylcholine (SCH), 
0.05; d-tubocurarine (dTC), 0.312; and gallamine, 1.83 mg/kg 
iV. Mean values are based on a minimum of four cats per group. 
Nitroglycerin, 1 ug/kg/min, had a significant effect only on 
pancuronium blockade; * p « 0.02. 


infusion nearly doubled the duration of neuromus- 
cular blockade produced by pancuronium (65 vs 127 
minutes). This response was statistically significant 
( p « 0.02). Analysis of the blockade recovery slopes 
from these pancuronium experiments indicated that 
the rate of twitch recovery from the pancuronium 


blockade was significantly prolonged by infusion of 


NTG (Fig 2). NTG infusion did not significantly alter 
the duration of neuromuscular blockade produced by 
succinvlcholine (10.2 vs 11.7 minutes), d-tubocurarine 
(44 vs 42 minutes), or gallamine (56 vs 51 minutes, 
Fig 1). 

NTG infusion had no effect on the percentage of 
pancuronium cleared from plasma over a 120-minute 
time period beginning 1 minute after the maximum 
degree of neuromuscular blockade had been achieved 
(Fig 3). The plasma pancuronium level 1 minute after 
maximum blockade had been achieved was found to 
be 1.96 + 0.22 ug/ml in the pancuronium group and 
1.56 + 0.13 ug/ml in the pancuronium plus NTG 
group. After 20 minutes of pancuronium blockade 
plasma pancuronium levels in both treatment groups 
decreased to 13% of their 1-minute levels. After 40 
minutes of blockade the plasma pancuronium level 
dropped to 7%, at 80 minutes to 2%, and after 120 


minutes, the last sampling time, to less than 1% of 
their 1-minute values. On a percentage basis, these 
elimination curves were found to be in close agree- 
ment with the plasma elimination curves of pancu- 
ronium reported by Agoston and Kersten." 
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Fia 2. Regression analysis of in vivo muscle twitch recovery 
from (1) control pancuronium (PANC) neuromuscular blockade 
and (2) nitroglycerin (NTG) prolonged pancuronium blockade. 
Rate of recovery from muscle blockade produced by pancuron- 
ium, 0.126 mg/kg, was found to be significantly slowed during 
the infusion of nitroglycerin, 1 ug/kg/min (p « 0.05). Four cats 
were used per group. 
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FiG 3. Effect of intravenous nitroglycerin (NTG), 1 ug/kg/min, 
on the clearance of pancuronium (PANC) from plasma. Average 
values + SEM are based on a minimum of four cat experiments 
per group, each cat receiving 0.126 mg/kg IV of pancuronium. 
Time zero plasma pancuronium levels were obtained 1 minute 
after maximum block was achieved. The two plots were not 
statistically different. 


ANESTHESIA AND ANALGESIA 
Vol 59, No 2, February 1980 


119 


20, , 


NITROGLYCERIN-PANCURONIUM INTERACTION 


Results from the in vitro rat diaphragm experiments 
demonstrated that the amount of pancuronium 
needed to produce a 50% muscle block with and 
without NTG present was the same, 43 + 0.01 and 
42.8 + 0.48 ug/50-ml bath, respectively. Final concen- 
trations of NTG in the bath ranged from none (0.00) 
to 6.40 pg/ml. 

In in vivo cat experiments the micrograms per 
kilogram of pancuronium needed to produce a 50% 
block was found to be decreased during infusion of 
NTG (Table). Analysis of the blockade recovery 
slopes obtained in these experiments indicated that 
the rate of recovery from 50% neuromuscular block- 
ade with and without NTG infusion was not statisti- 
cally different ( p > 1.0, Fig 4). 

During the prolonged portion of the pancuronium- 
NTG neuromuscular blockade, tetanic stimulation of 
the sciatic-gastrocnemius: preparation demonstrated 
the presence of tetanic fade and post-tetanic twitch 
potentiation, and the administration of neostigmine 
(0.05 mg/kg) mixed with atropine (0.02 mg/kg) read- 
ily reversed the neuromuscular block (Fig 5). 


Discussion 


The results of this study demonstrate that in the 
cat the prolongation by intravenous nitroglycerin of 
pancuronium neuromuscular blockade, previously re- 
ported by our group, does not occur when neuro- 
muscular blockade is produced by gallamine, d-tub- 
ocurarine, or succinylcholine. Thus the nitroglycerin 
interaction appears selective for pancuronium. Ín a 
related study, Graham and Walts” recently completed 
an investigation in man on the effect of sodium nitro- 
prusside-induced hypotension on the duration of ac- 
tion of neuromuscular blockade produced by pancu- 
ronium and d-tubocurarine. Their results show no 
difference in the duration of either pancuronium or 
d-tubocurarine neuromuscular blockade during so- 
dium nitroprusside infusion. In light of their findings, 
it would appear that the prolongation of pancuronium 
neuromuscular blockade observed with nitroglycerin 


TABLE 


Average Pancuronium Dose Needed to Produce 5096 
Neuromuscular Blockade in Vivo* 


N Dose p value 
Pancuronium 4 20.2 + 0.7 «0.06 
Pancuronium + 4 14.7 + 2.3 


nitroglycerin 





* Values are means + SEM. 
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Fia 4. Regression analysis of in vivo muscle twitch recovery 
from 50% neuromuscular blockade produced by pancuronium 
(PANC). Nitroglycerin (NTG) infusion at the rate of 1 ug/kg/min 
had no significant effect on the rate of recovery from the block 
(p > 1.0). Four cats were used per group. 
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Fig 5. Composite twitch tracings for typical control pancuron- 
ium and nitroglycerin prolonged pancuronium blockade. Effect 
of tetanic stimulation and neostigmine on muscle twitch during 
block prolongation (90 to 100 minutes) are shown. 
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is not an effect common to all directly acting vasodi- 
lators. 

To extend our evaluation of the nitroglycerin-pan- 
curonium interaction we investigated the possibility 
that the observed block prolongation might be due to 
a decrease in the plasma elimination of pancuronium 
by nitroglycerin. This would, in effect, slow the rate 
of pancuronium dissociation from the neuromuscular 
receptors and cause prolongation of the pancuronium 
block. However, the finding that pancuronium elim- 
ination from plasma, measured over a period of 120 
minutes beginning 1 minute after the maximum pan- 
curonium blockade had been achieved, was not sta- 
tistically different with and without nitroglycerin in- 
fusion rules out the possibility that nitroglycerin in- 
terfered with clearance of pancuronium from plasma. 
Further, the lack of effect of nitroglycerin on galla- 
mine blockade, gallamine being eliminated un- 
changed by the kidneys,® suggests that renal excretion 
of relaxants is not impaired by nitroglycerin. 

Another explanation for the prolongation of pan- 
curonium blockade is that localized muscle blood 
flow was increased by the nitroglycerin causing a 
greater uptake and concentration of pancuronium in 
muscle with a resultant decrease in plasma pancuron- 
ium level? If greater uptake of pancuronium into 
muscle did occur, it was not directly measurable by 
our methods. The fact that less pancuronium was 
found in plasma of animals given nitroglycerin 1 
minute after achieving maximum blockade than in 


animals not given nitroglycerin supports this concept. 


I£, however, nitroglycerin increases pancuronium dis- 
tribution within musclé leading to a higher concentra- 
tion of pancuronium at the neuromuscular junction 
and thus prolonged blockade, then why did block 
prolongation not occur with d-tubocurarine and gal- 
lamine? It is possible that the observed decrease in 
the plasma pancuronium level at 1 minute in the 
nitroglycerin group simply reflects a greater initial 
urinary excretion of pancuronium and not greater 
uptake into muscle. Pancuronium has been shown to 
have an initial rapid urinary excretion phase which 
may have been increased by nitroglycerin.? Unfor- 
tunately urinary levels of pancuronium were not 
measured in this study. These questions must be 
resolved by future experimentation. 

We also examined whether nitroglycerin increased 
the magnitude of the pancuronium blockade, and 
whether it altered the recovery from the blockade. 
Our initial observations? suggested that it was the 
recovery portion of the pancuronium block that was 


prolonged »y the nitroglycerin. Recovery slope anal- 
ysis of the nitroglycerin-prolonged pancuronium 
block confirmed that recovery from the block was 
significantly slowed by nitroglycerin. The results from 
the cat experiments in which 50% neuromuscular 
blockade was produced by pancuronium demon- 
strated that nitroglycerin also increased the degree of 
neuromuscular blockade produced by pancuronium. 
These two findings suggest that nitroglycerin may be 
associated with increased affinity of receptors for 
pancuronium. In this connection, other drugs such as 
halothane have been shown to influence both the 
magnitude of response to pancuronium and the du- 
ration of effect, with a greater effect on the latter.” 
Pancuronium has pre- as well as postjunctional ac- 
tions.'^ ? Prejunctionally, pancuronium decreases re- 
lease of acetylcholine from motor nerve terminals. 
Although -his action normally contributes little to the 
overall muscle blockade produced by pancuronium, 
potentiation of the prejunctional effect by nitroglyc- 
erin could account for prolongation of the block. The 
lack of effect of nitroglycerin on pancuronium block 
in the isolated tissue preparation raises the possibility 
that a metabolite of nitroglycerin, or of pancuronium, 
might be involved. What must now be determined is 
the nitroglycerin dose in man at which pancuronium 
blockade is affected. Importantly, our results show 
that even during the prolongation of neuromuscular 
blockade »roduced by nitroglycerin, neostigmine rap- 
idly and completely reversed the muscle paralysis. 

In summary, this study has demonstrated in cats a. 
selective drug interaction between intravenous nitro- 
glycerin and pancuronium causing pancuronium neu- 
romuscular blockade to be increased in both degree 
and duration. The mechanism of this interaction re- 
mains un«nown. It is not due to altered plasma clear- 
ance of pancuronium. The interaction between nitro- 
glycerin and pancuronium does not, however, alter 
the non-depolarizing character or reversibility of pan- 
curonium blockade. 
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Hemodynamic Effects of Intravenous Metoprolol 


The hemodynamic effects of the cardioselective beta adrenergic blocking agent metoprolol, at a 
dose of 0.1 mg/kg of body weight administered intravenously, were studied in 10 patients undergoing 
routine cardiac catheterization. The beta adrenergic blocking effect of the drug was confirmed by a 
reduction (5396, p « 0.001) in the mean heart rate response to a challenge with isoproterenol, and by 
a reduction (73%, p « 0.001) in the isoproterenol-induced increase in the first derivative of left 
ventricular pressure (dP/dt). An intrinsic negative inotropic effect was shown by a 43% reduction ( p 
< 0.05) in the response of mean left ventricular dP/dt when the heart rate was fixed by atrial pacing 
alone. With the combination of atrial pacing and isoproterenol, metoprolol produced a 4896 reduction 
( p « 0.01) in the response of mean left ventricular dP/dt, resulting from both the intrinsic depressor 
effect and the beta adrenergic blocking effect on the rate-independent beta agonist activity of 
isoproterenol. There was no significant change in right atrial, femoral arterial, or left ventricular end- 
diastolic pressure. Metoprolol is an effective cardioselective beta adrenergic blocking agent that, 
under the conditions of this study, reduced catecholamine-induced increases in heart rate and left 
ventricular dP/dt without significant alteration in ejection fraction, preload, or afterload. (Bourdillon 
PD, Canepa-Anson R, Rickards AF: Hemodynamic effects of intravenous metoprolol. Am J Cardiol 
44:1195—1200, 1979) 
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GaL, T. J.: Airway responses in normal subjects following topical anesthesia with ultrasonic 
aerosols of 4% lidocaine. Anesth Analg 59:123-129, 1980. 


Airway dynamics were studied in seven healthy unanesthetized male subjects before and after 
topical anesthesia with ultrasonic aerosols of 4% lidocaine to assess the effects of this 
clinically useful technique on normal pulmonary function. Responses to the ultrasonic mist per 
se were evaluated by studies on separate days with physiologic saline. Significant increases in 
expiratory flow rates during maximal and partial expiratory flow-volume curves occurred in 
response to lidocaine. In contrast, flows during partial expiratory flow-volume curves were 
reduced following saline inhalation. Lung elastic recoil was unaffected by either aerosol. 
Results of single breath nitrogen washout and responses to breathing helium were unchanged 
following topical anesthesia with lidocaine, but the saline aerosol significantly increased the 
slope of phase lil during nitrogen washout and volume of isoflow after breathing helium. These 
changes indicate that topical anesthesia of the airway with 4% lidocaine given as an ultrasonic 
aerosol produces mild bronchodilation in healthy subjects, whereas saline administered in the 
same fashion causes mild bronchoconstriction. The effects of both aerosols most likely repre- 
sent direct action on the smaller peripheral bronchi. 
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HE INSTILLATION of 4% lidocaine as an ultra- 
sonic aerosol produces effective topical anesthe- 

sia for instrumentation of the airway"? but the ad- 
ministration of aerosols in this fashion may have 
significant respiratory effects. Nonanesthetic aerosols 
delivered by ultrasonic nebulization have increased 
airway resistance in patients with obstructive lung 
disease? and in normal anesthetized patients whose 
tracheas have been intubated.*? The aerosol mist 
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appeared to stimulate airway receptors and cause 
bronchoconstriction.? The bitter lidocaine mist may 
also act as an irritant and initiate bronchoconstric- 
tion.’ On the other hand, the effect of lidocaine on 
zy smooth muscle may result in bronchodila- 
tion.? 

Although several studies have reported the ef- 
fects of inhaled lidocaine on airway function in 
man,” * 19"? no data are available following admin- 
istration of lidocaine in a fashion that provides ade- 
quate topical anesthesia prior to instrumentation of 
the airway. The purpose of this study was to assess 
the effects of such a technique with 496 lidocaine on 
normal airway dynamics. The effects of the ultrasonic 
mist per se were evaluated by control studies using 
isotonic saline. 
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AIRWAY RESPONSES TO TOPICAL LIDOCAINE 


Methods 


The seven healthy nonsmoking males who partici- 
pated in the study were between the ages of 23 and 
30 and had normal baseline pulmonary function. All 
subjects gave informed consent and the protocol was 
approved by the Human Studies Committee of the 
University of Virginia. Subjects were studied on two 
separate days and by random allocation received 
either saline or 4% lidocaine on each of these days. 
Aerosols were produced by an ultrasonic nebulizer 
(Mistogen). Subjects breathed the mists for 10 min- 
utes through a mouthpiece connected directly to the 
nebulizer by 30 cm of 22-mm i.d. corrugated tubing. 
They were instructed to inspire slowly and deeply 


and to hold their breath for 1 to 2 seconds at the . 


height of inspiration to increase particle deposition.”® 

This method was chosen to stimulate the procedure 
that in our experience has produced sufficient anes- 
thesia for awake endotracheal intubation when com- 
bined with occasional supplemental sprays from an 
atomizer. 

Physiologic measurements were performed with 
subjects in the sitting position each day before treat- 
ment (control) and 5 minutes after each aerosol treat- 
ment. Forced vital capacity (FVC) and forced expira- 
tory volume in 1 second (FEVi) were measured with 
a low resistance, waterless rolling seal spirometer 
(model 840, Ohio Medical Products). The spirometer 
was calibrated with a 3-L super syringe and provided 
a volume accuracy + 30 ml. The largest value for each 
was used provided the FVC curve from which the 
FEV, was obtained was within 200 ml of the largest 
FVC measured. All volumes were corrected to body 
temperature and pressure saturated with water vapor. 
Maximum effort-flow volume loops were obtained 
with the spirometer interfaced with a fast response X- 
Y recorder (Hewlett-Packard); peak inspiratory flow 
(Vi max) and peak expiratory flow (Vg max) were 
used in the results. 

The function of the intrathoracic airways was fur- 
ther assessed by measurements of maximum expira- 
tory flow-volume (MEFV) curves in which flow and 
volume were plotted simultaneously during a maxi- 
mal forced expiration from total lung capacity (TLC) 
to residual volume (RV). MEFV curves from at least 
three efforts when FVC values were within 596 of each 
other were aligned at TLC and maximum values for 
expiratory flow recorded at 10% intervals of FVC. 
These were used to construct composite MEFV curves 
for each subject during each measurement. Largest 
values for flow were used to minimize the effects of 
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excessive effort which may reduce flow by artifacts 
caused by gas compression.'* Subjects also generated 
partial expiratory flow-volume (PEFV) curves by in- 
spiring to about 6096 of FVC rather than TLC and 
then forcing expiration.” This maneuver was fol- 
lowed by inhalation to TLC and a maximal forced 
expiration to RV to obtain a reference MEFV curve. 
Since RV was the same for both PEFV and this 
subsequent MEFV curve, flows on PEFV curves were 
quantitated at 1096 intervals of FVC above RV. 

MEFV curves were also obtained after subjects 
performed three full inspirations to TLC with a mix- 
ture of 8096 helium and 2096 oxygen. This less dense 
gas mixture produces increased flows unless obstruc- 
tion of the small peripheral airways is present. The 
response to helium was determined by superimposing 
the MEFV curves obtained with air (curves were only 
compared if FVC with helium and air differed by less 
than 3%). When FVCs with air and helium were 
unequal, curves were matched at residual volume.!^ 
The point on the air curves at which the increased 
flow with helium became equal to and joined the flow 
on the air curve was identified as the volume of 
isoflow (V iso V). This was expressed as a percentage 
of FVC above RV. For each experimental condition V 
iso V was calculated as the mean of three such com- 
parisons. 

A modification of the single breath nitrogen wash- 
out technique was used to measure closing volume.” 
Subjects inspired 10096 oxygen from RV to TLC then 
immediately expired to RV keeping flow-rate as close 
to 0.5 L/sec as possible. Expired nitrogen concentra- 
tion sampled at the mouthpiece by a rapid response 
analyzer (Hewlett-Packard model 57302A) was dis- 
played on the Y-axis of the X-Y recorder and volume 
on the X-axis. Closing volume (CV) was defined as, 
the volume at which an abrupt increase in expired 
nitrogen occurred and was expressed as the difference 
between this point and RV. CV was also expressed as 
a percentage of the vital capacity (CV/VC%). The 
slope of the phase III alveolar plateau was also cal- 
culated from a line of best fit from 3096 of expired 
vital capacity to the onset of CV and expressed as 
percent change in nitrogen concentration per liter 
(AN2%/L).’® At least two tracings were obtained for 
each condition with time allowed between for mouth 
Ne to return to normal. Values for CV and slope of 
phase III were obtained as the mean of at least two 
satisfactory tracings that agreed closely, i.e., with 
similar vital capacity, slow expiratory flow, and pos- 
itive identification of the abrupt change in slope at 
CV. 
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Esophageal pressure was used as an index of pleural 
pressure and was measured by an esophageal balloon- 
catheter system. The balloon, which was 10 cm long 
and contained 0.5 ml of air, was passed into the 
midesophagus and connected to a differential pres- 
sure transducer (Validyne MP45 range + 50 cm H2O) 
by 100-cm long PE-200 tubing. The opposite port of 
the transducer was connected to a pressure tap in the 
mouthpiece. Transpulmonary pressure was expressed 
as mouth pressure minus esophageal pressure. Lung 
elastic recoil was estimated by quasi-static pressure 
volume curves. Transpulmonary pressure was simul- 
taneously plotted against volume on the X-Y recorder 
while subjects inspired to total lung capacity and then 
exhaled slowly (0.2 L/sec) to residual volume. Indi- 
vidual pressure-volume curves were constructed as 
the mean of two correctly recorded curves with the 
greatest inspiratory volume. 

Subjects were observed closely and electrocardi- 
ograms monitored during and after each aerosol in- 
halation. Although the design of the study was origi- 
nally double blind, the obvious taste of saline and the 
bitter taste of lidocaine were easily recognized by 
subjects. Results were analyzed blindly, however. The 
changes following each aerosol were compared to 
baseline values obtained prior to each treatment by 
Student’s t-test for paired data; p < 0.05 was consid- 
ered statistically significant. All values in text and 
tables are expressed as means + SE of the mean. 


Results 


During the 10-minute period of inhalation subjects 
received between 7 and 9 ml of solution. The saline 
aerosol produced mild coughing after the initial 
breath in three of the seven subjects. All subjects 
coughed after the first two or three breaths of lido- 
caine, but this disappeared with further inhalation. 
After inhalation of lidocaine subjects noted an im- 
paired ability to swallow, numbness of the tongue 
and oropharynx, and a husky character of voice which 
suggested vocal paresis. Three subjects described a 
feeling of obstruction during deep inspiration. Two 
subjects noted mild tinnitus but none complained of 
headache, drowsiness, or paresthesias during or after 
the inhalation. Heart rate and rhythm remained un- 
changed during and after administration of either 
aerosol. The manifestations of topical anesthesia per- 
sisted for 30 to 40 minutes. Measurements of pul- 
monary function were completed well within this 
period. 

Neither aerosol produced significant changes in 


FVC or FEV). Although three subjects described a 
sense of inspiratory obstruction, this was not reflected 
by significant changes in peak inspiratory flow re- 
corded in the maximum effort flow-volume loops. 
Peak expiratory flows were also unchanged from 
control. Comparison of mean MEFV curves (Fig 1) 
showed statistically significant increases in maximum 
expiratory flow at 60, 50, and 40% of FVC associated 
with lidocaine aerosol. Mean MEFV curves were un- 
changed following saline. Control flow rates recorded 
from partial expiratory flow-volume (PEFV) curves 
did not differ from flows on control MEFV curves 
between 50% of FVC and residual volume (Fig 2). 
Lidocaine significantly increased flow rates at all in- 
tervals on the PEFV curves ( p < 0.01), but flow rates 
after saline were significantly less than control at 50, 
40, 30, and 20% of FVC ( p < 0.05). 

Following lidocaine inhalation closing volume (CV) 
increased in one subject (subject 1) but was un- 
changed in all others. Neither the absolute value of 
CV, CV/VC%, nor the slope of phase III were altered 
significantly (Table). Changes in CV induced by saline 
were highly variable: in two subjects CV increased, in 
three it decreased, and in two no changes occurred. 
Thus, no significant difference from pretreatment 
values could be demonstrated after inhalation of sa- 
line. In contrast the mean slope of phase III increased 
significantly after saline. Despite this increase all post- 
treatment values remained within normal limits («2976 
N2/L). ° 

Lidocaine inhalation did not affect the normal re- 
sponse to helium breathing; V iso V was unchanged 
from control levels (Table). Saline, on the other hand, 
significantly increased mean V iso V ( p < 0.05). The 
increase was most marked in the four subjects (sub- 
jects 1, 5, 6, and 7) who exhibited distinct increases in 
the phase III slope during nitrogen washout. 

Lung elastic recoil was not altered significantly by 
either inhalation of aerosol (Fig 3). Recoil pressures at 
total lung capacity and the slopes of the pressure 
volume curves in the range of tidal volume were 
similar to pretreatment values. 


Discussion 


The results of this study demonstrate that a clini- 
cally useful technique for producing topical anesthe- 
sia does not adversely affect airway function in nor- 
mal subjects. However, the lidocaine mist, prior to 
anesthetizing the airway, produced irritation in most 
subjects as evidenced by coughing. Compared to nor- 
mal subjects patients with obstructive airway disease 
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Fig 1. Maximum expiratory flow-volume curves before (control) between total lung capacity (TLC) and residual volume (RV). 
and after treatment with ultrasonic aerosols of either 4% lido- * p « 0.05 denotes values significantly different from control by 
caine or physiologic saline. Mean values for expiratory flows in paired ‘‘f’' test. 

seven subjects are plotted at 10% intervals of vital capacity 
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Fic 2. Partial expiratory flow-volume curves before (control) capacity above residual volume (RV). Control curves for maximal 
and after treatment with 4% lidocaine or physiologic saline forced expiration initiated at total lung capacity (TLC) are plotted 
administered as ultrasonic aerosols. Mean values for expiratory for comparison. * p < 0.05; ** p < 0.01 denotes values signif- 
flow in seven subjects are plotted at 10% intervals of vital icantly different from control by paired ‘‘t’’ test. 
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TABLE 

Results of Single Breath Nitrogen Washout and Response to Helium Breathing before and after Inhalation of Ultrasonic 

Aerosols * 

Control Postlidocaine Control Postsaline 

Closing volume (L) 0.61 + 0.07 0.64 + 0.06 0.65 + 0.07 0.60 + 0.06 
CV/VC (96) 10 x 1 10.5 4 1 10.7 + 0.6 9.4 4 1.0 
Slope of phase Hl (AN296/L) 1.16 + 0.05 1.10 + 0.04 1.16 + 0.05 1.58 + 0.107 
Volume of isoflow (% FVC) 16 x 1 1542 15:2 23 + 3T 





* Values are mean + SE for seven subjects. 


t p < 0.05 denotes significant difference when compared to control by paired ‘ t" test. 
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Fia 3. Mean deflation quasi-static pressure volume curves in 
seven subjects before (control) and after treatment with ultra- 
sonic aerosols of 496 lidocaine or physiologic saline. Transpul- 


are more prone to develop reflex bronchoconstriction 
in response to many mild stimuli including inhaled 
agents. These reflex responses are immediate and 
would occur during the latent period prior to produc- 
tion of anesthesia by lidocaine.'? Therefore, in such 
patients the immediate response to lidocaine inhala- 
tion is likely to be bronchoconstriction, although there 
is some evidence suggesting that subsequent bron- 
chodilation occurs." 

Airway responses can be measured during submax- 
imal flows such as during panting (airway resistance) 
or during the maximal effort of forced expiratory 
maneuvers. The latter were chosen for this study 
because they more directly reflect the properties of 
the lung and intrathoracic airways.?? In contrast, mea- 
surements of airway resistance are profoundly influ- 
enced by the status of the upper airway (mouth to 
glottis). Variable effects on the upper airway may 
explain the inability to demonstrate systematic 
changes in airway resistance in normal subjects fol- 


monary pressure is plotted at 1096 intervals of vital capacity. 
Bars represent 1 SEM. 


lowing topical anesthesia with another local anesthetic 
aerosol (596 bupivacaine).” 

Measurements during maximal forced exhalations 
may not always demonstrate dramatic changes in 
airway tone because inhalation to total lung capacity 
reduces normal airway tone and mav mask the effects 
of induced »ronchodilation or bronchoconstriction.? 
This effect can be avoided if forced exhalations are 
begun at a .ung volume below total lung capacity as 
in the case of PEFV curves. Flow measurements during 
PEFV curves are more sensitive to changes in airway 
tone than MEFV curves.? This is because prior to 
performing a PEFV maneuver, a subject inspires only 
to about 1.0 above FRC and does not produce bron- 
chodilation as occurs when he inspires fully to TLC. 
Thus any bronchodilation (increased flow rates) or 
bronchoconstriction (decreased flow rates) will be 
more appa-ent on PEFV curves, In addition they 
possess the distinct advantage of being uninfluenced 
by the status of the upper airway. 
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Flow rates during MEFV curves after saline re- 
flected insignificant changes but flows were reduced 
consistently on PEFV curves. Lung elastic recoil, the 
other important determinant of expiratory flow, was 
unchanged.” Therefore, the reduced flows resulted 
from increases in resistance in the small peripheral 
airways. Similarly, the lidocaine-induced increase in 
flow rates on PEFV curves reflects dilation in the same 
airways. The changes produced by lidocaine on MEFV 
curves were less dramatic at low lung volumes and 
may reflect solely the masking of airway responses 
produced by inhalation to total lung capacity. On the 
other hand, lidocaine may have dilated the larger 
intrathoracic airways as well as the smaller bronchi. 
In these airways smooth muscle tone increases wall 
stiffness and limits the extent to which these airways 
are dynamically compressed during maximal forced 
expirations. If this smooth muscle tone is reduced by 
bronchodilation, the airways become more compress- 
ible, collapse at lower transmural pressures, and limit 
maximal flow. This may explain why flow rates at 
low lung volumes decrease or fail to increase in 
normal subjects after bronchodilator drugs.” These 
same flows on MEFV curves failed to increase signif- 
icantly in this study following lidocaine (Fig 1). 

The volume of isoflow (V iso V) after breathing 
helium provides a sensitive index of airway dysfunc- 
tion. When the principal site of obstruction is in the 
small peripheral airways, flow rates with the helium- 
oxygen mixture do not increase appreciably since the 
flow pattern in these airways is laminar and thus 
unaffected by the density of gases breathed. When 
there is a loss of lung elastic recoil or an increased 
resistance in the small peripheral airways, laminar 
flow predominates over a greater portion of the FVC 
and V iso V increases.’® The increased V iso V noted 
after saline is compatible with small airway constric- 
tion since lung recoil was unaffected. 

Measurements from single breath nitrogen washout 
used to measure closing volume are complex and 
difficult to interpret in terms of changes in airway 
function. An increased closing volume is usually in- 
terpreted as evidence of small airway obstruction. 
However, one subject in this study had an increased 
closing volume after lidocaine with, at the same time, 
increased flows on PEFV curves suggestive of bron- 
chodilation. Increases in closing volume have been 
demonstrated following isoproterenol inhalation and 
thus are compatible with bronchodilation.” 

The slope of the phase III alveolar plateau, i.e., the 
portion of the nitrogen washout curve that precedes 
the onset of closing volume, reflects the regional 
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nonhomogenous pattern whereby different lung re- 
gions empty. Any process causing airway obstruction 
tends to increase the slope.? Following saline inha- 
lation four subjects demonstrated distinct increases in 
phase III slopes. In all four the actual inflection points 
for the onset of the phase IV, or closing volume, were 
difficult to discern. It is also interesting that in three 
of the four, closing volume decreased after saline. The 
latter change is compatible with bronchoconstriction 
and a failure to establish the normal concentration 
gradient for nitrogen between apical and basal areas 
of lung." 

The apparent bronchoconstriction following saline 
was surprising because of the lack of subjective irri- 
tant effects. Although the reasons are not clear one 
may postulate that, because of the size of the particles 
generated by the ultrasonic nebulizer, this effect rep- 
resents a direct action on the small bronchi. Another 
possible mechanism which must be considered relates 
to the actions of solutes such as sodium chloride, 
which tend to mobilize secretions. If not eliminated 
by coughing these secretions may cause airway ob- 
struction. However, in the face of the small volume of 
solution administered, this is unlikely. 

Possible mechanisms for the action of lidocaine 
include interruption of afferent receptors in the upper 
airway and direct action on the smooth muscle of the 
lower airways. The latter mechanism is more likely 
because of the particle size produced by the nebulizer. 
However, it is also possible that the effect was me- 
diated systemically. Although blood levels of lido- 
caine were not measured in this study, similar appli- 
cations of lidocaine have resulted in lidocaine levels 
averaging 1.5 ug/ml in arterial blood.” The presence 
of mild tinnitus suggested that this level was ap- 
proached in at least two subjects in this study. Signif- 
icant changes in airway function have not been dem- 
onstrated after doses of intravenous lidocaine likely 
to produce even higher blood levels." ! Because of 
this apparent lack of relationship with blood levels, it 
is unlikely that the airway responses noted in this 
study represent a systemic effect of lidocaine. 

We conclude that administration of 4% lidocaine 


by ultrasonic nebulization to achieve topical anesthe- 


sia of the airway produced mild bronchodilation in 
healthy subjects. In contrast, saline administered in 
the same fashion caused bronchoconstriction. These 
effects most likely represent a direct effect on the 
smaller bronchi. Since the effects of lidocaine were 
mild, it is doubtful that administration of the aerosol 
could be used to produce clinically effective bron- 
chodilation in patients with airway disease. The safety 
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of ultrasonic nebulization of lidocaine used clinically 
to produce topical anesthesia of the airway in patients 
with airway disease requires further investigations. 
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anesthesia and operation when intravenous lidocaine or morphine sulfate is used as adjunct to 
diazepam-nitrous oxide anesthesia for cardiac surgery. Anesth. Analg. 59:130- 139, 1980. 


Intravenous lidocaine was evaluated as an anesthetic adjunct and its hemodynamic effects 
compared to those of morphine sulfate. Forty patients undergoing surgery for coronary artery 
bypass or aortic valve replacement for moderate aortic stenosis were randomly assigned to 
one of two groups. Patients in group 1 received a total dose of 2 mg/kg of morphine sulfate 
while those in group 2 received 21 mg/kg of lidocaine. In addition, patients in both groups 
were given 0.6 mg/kg of diazepam and 5096 N20 in oxygen. 

Peak plasma lidocaine levels in group 2 occurred following sternotomy. Electroencephalo- 
graphic evidence of seizure activity was absent at this time. Indices of myocardial perform- 
ance (cardiac index, stroke work index) were depressed following induction of anesthesia and 
remained depressed up to institution of cardiopulmonary bypass in patients given lidocaine. 
Arterial blood pressure changed minimally. in contrast, patients given morphine demonstrated 
an increase in cardiac index and left ventricular stroke work index following tracheal intuba- 
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tion. Arterial blood pressure and systemic vascular resistance initially decreased following 
induction of anesthesia and increased with tracheal intubation in patients receiving morphine 
sulfate. Arterial blood pressure, stroke work index, and systemic vascular resistance in- 
creased further in these patients while cardiac index returned to control values during the 


period of surgical stimulation. 


Electrocardiographic changes indicative of myocardial ischemia did not differ in the two 
groups. The relationship between myocardial oxygen supply and demand, as reflected by the 
rate pressure product and endocardial viability ratio indices, was, however, adversely affected 


during surgical stimulation in the patients given morphine. 


Lidocaine produced stable clinical anesthesia without large fluctuations in hemodynamic 
function. In contrast to morphine, lidocaine depressed the hypertensive and tachycardic re- . 
sponses to surgery, thus favorably influencing the balance between myocardial oxygen supply 


and demand. 


Key Words: ANESTHETICS, Intravenous: morphine and lidocaine; ANESTHETICS, Local: lidocaine; ANALGESICS, 
Narcotic: morphine; ANESTHESIA: cardiovascular; SURGERY: cardiovascular. 


N PATIENTS with coronary artery disease or left 

ventricular hypertrophy due to aortic stenosis, my- 
ocardial perfusion is often inadequate to tolerate an 
increase in oxygen demand produced by the hyper- 
tensive and tachycardic responses that may accom- 
pany tracheal intubation” or surgical manipulation. 
Stimulation of the patient during laryngoscopy and 
surgery frequently produces electrocardiographic 
findings of ST and T wave changes suggestive of 
myocardial ischemia.? In addition, laryngeal reflexes 
during tracheal intubation often are the cause of 
arrhythmias.* ? Therefore, in patients with ischemic 
heart disease, optimal anesthesia care requires that 
stressful reflex responses to airway manipulation and 
surgical stimulation be minimized. This must be ac- 
complished without undue depression of myocardial 
function. 

Intravenous lidocaine may be useful in achieving 
these goals. Lidocaine produces central sedation, sup- 
presses autonomic reflexes," and may protect the 
ischemic myocardium from ultrastructural damage 
associated with high circulating catecholamine lev- 
els. Previous work shows that lidocaine can atten- 
uate the noxious reflexes associated with tracheal 
intubation when used topically! or intrave- 
nously.* /** However, inhibition of the increase in 
heart rate seen with tracheal intubation requires rel- 
atively high doses of intravenous lidocaine (6 mg/ 
kg). Lidocaine in these doses has negative inotropic 


* Denlinger JK, Messner JT, D'Orazio DJ: Effect of intravenous 
lidocaine on the circulatory response to tracheal intubation (ab- 
stract), presented to the American Society of Anesthesiologists, 
October 13, 1975. 

? Falk RB, Denlinger JK, Foley WT: Hemodynamic responses 
during lidocaine-diazepam-N2O anesthesia in cardiac surgical pa- 
tients (abstract), presented to the American Society of Anesthe- 
siologists, October 24, 1978. 


effects," The present study evaluates the circulatory 
responses during open-heart surgery performed when 
high-dose intravenous lidocaine is added to diaze- 
pam-nitrous oxide anesthesia and compares these 
responses to those observed when morphine is added 
to diazepam-nitrous oxide anesthesia. 


Methods 


Forty adult patients undergoing anesthesia for 
either elective aortic valve replacement for moderate 
aortic valve stenosis (16 patients) or coronary artery 
bypass grafts (24 patients) comprised the study group. 
All patients had ejection fractions greater than 50%. 
The experimental protocol was approved by the Com- 
mittee to Review Grants for Clinical Research and 
Investigation Involving Human Beings of the Univer- 
sity of Michigan. 

Under local anesthesia, a radial arterial catheter was 
placed for continuous monitoring of systemic arterial 
pressure. A Swan-Ganz catheter was positioned in the 
pulmonary artery by way of the right internal jugular 
vein for measurement of cardiac output and central 
venous and pulmonary arterial wedge pressures. Sys- 
temic and pulmonary arterial pressures were contin- 
uously recorded throughout the operation. In addi- 
tion, a fast trace at 100 mm/sec of the arterial pressure 
was obtained for calculation of the endocardial via- 
bility ratio. Lead Il and V5 of the electrocardiogram 
was continuously recorded and a bipolar (frontal- 
occipital) electroencephalogram was monitored for 
evidence of seizure activity. 

The patients were randomly assigned to one of two 
groups. All patients received 10 mg of morphine 
sulfate and 0.4 mg of scopolamine intramuscularly 1 
hour prior to arrival in the operating room. Patients 
in group 1 received intravenous morphine sulfate up 
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to a total dose of 2 mg/kg during anesthesia and 
surgery. Patients in group 2 received intravenous 
lidocaine up to a total dose of 21 mg/kg during 
anesthesia and surgery. Other medication including 
digitalis, diuretics, and propranolol was continued 
until the day of surgery. Neither the type of surgery 
nor the type and frequency of the drugs used preop- 
eratively differed significantly in the two groups. 

Anesthesia was induced slowly over the course of 
15 minutes with the patient initially breathing 100% 
oxygen. Diazepam, 0.6 mg/kg, and either 0.5 to 1 mg/ 
kg of morphine sulfate (group 1) or 6 mg/kg of 
lidocaine containing no preservative (group 2) were 
given incrementally until the patient failed to respond 
to verbal commands and lost the eyelid reflex. At this 
time 50% nitrous oxide in oxygen was started in both 
groups of patients. Pancuronium bromide, 0.15 mg/ 
kg, was used to facilitate tracheal intubation and 
anesthesia was maintained with a maximum total dose 
of 2 mg/kg of morphine sulfate (mean total morphine 
dose, 121 + 12 mg (SEM)), in group 1, or with a 
maximum total dose of 21 mg/kg of lidocaine (mean 
total lidocaine dose, 1373 + 202 (SEM)) in group 2. 
Both drugs were administered to the total dose unless 
the systolic arterial blood pressure decreased more 
than 20% of awake values. All patients were mechan- 
ically ventilated to maintain a Paco, between 30 to 35 
torr during anesthesia and surgery. 

The following derived hemodynamic parameters 
were determined: rate pressure product (RPP in mm 
Hg beats/min), systemic vascular resistance (SVR in 
dynes-sec-cm™), cardiac index (CI in L/min/m?), 
stroke volume index (SVI in ml/beat/m^) and left 
ventricular stroke work index (LVSWI in g-m/m/?). 
Body surface area (BSA in m?) was obtained from a 
nomogram using height and weight. The derived data 
were determined using the following formula in 
which CO is cardiac output (L/min), HR is heart rate 
(beats/min), MAP is mean arterial blood pressure 
{torr), CVP is central venous pressure (torr), and 
PCWP is pulmonary capillary wedge pressure (torr): 


_ CO (L/min) 
MEE CT (m?) 


RPP = HR (beats/min) X systolic arterial blood pressure (mm Hg) 


CI 
I (ml/beat/m?) = — 
SVI (ml/beat/m*) HR 
(MAP — CVP) x 80 


SVR (dynes-sec- cm ?) = de 


LVSWI (g-m/m^) = SVI x (MAP — PCWP) x 0.0136 
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The endocardial viability ratio (EVR) was deter- 
mined by dividing the diastolic pressure time index 
(the area under the diastolic portion of the systemic 
pressure curve minus the area under the filling pres- 
sure) by the systolic tension time index (the area 
under the systolic portion of the systemic pressure 
curve). 1° An EVR with a value less than 0.7 is 
considered evidence of inadequate endocardial oxy- 
gen delivery especially when arterial oxygen content 
is decreased. Values less than 0.4 are definitely indic- 
ative of compromised endocardial perfusion.? Since 
the hematocrit did not change significantly prior to 
cardiopulmonary bypass, and since arterial oxygen 
saturation was 99% or greater with a 5096 Fro,, these 
values were not corrected for arterial oxygen content. 

Hemodynamic measurements were made following 
the insertion of cannulae prior to induction of anes- 
thesia, immediately prior to and immediately follow- 
ing tracheal intubation, prior to skin incision, follow- 
ing sternotomy, and prior to and following cardio- 
pulmonary bypass. Plasma lidocaine levels were de- 
termined in arterial blood samples obtained after 
cannulation was complete, after tracheal intubation, 
after sternotomy, and before and after cardiopulmo- 
nary bypass. In addition a small specimen of atrial 
appendage was obtained for analysis of myocardial 
tissue lidocaine levels at the same time the arterial 
sample for blood levels was obtained. These samples 
were taken just before initiation of cardiopulmonary 
bypass. Lidocaine levels were assayed according to 
the method of Keenaghan.”! 

All data were statistically analyzed using the Mich- 
igan Interactive Data Analysis System (MIDAS). This 
computerized data system, which allows the analysis 
of both analytical and categorical variables, was used 
to provide a two-way analysis of variance to test 
whether the measured and derived variables had 
changed with time. Specific comparisons were made 
using Student's t-test for paired and unpaired data. 
All data are expressed as means x: SEM. 


Results 


Anesthesia Alone 


In group 1 (morphine), mean heart rate (Fig 1) 
increased 11 beats/min with induction of anesthesia 
from 66 to 77 beats/min (p « 0.05). Laryngoscopy 
and intubation were associated with a further increase 
of 9 beats/min (p < 0.05). Prior to incision the heart 
rate had returned to control values. Systolic arterial 
blood pressure decreased 37 torr (p « 0.01) following 


«d. 


ra 


KNIGHT ET AL 


induction from 141 torr to 104 torr (Fig 2) but in- 
creased to preinduction levels following tracheal in- 
tubation. Prior to skin incision systolic arterial blood 
pressure was again at postinduction (preintubation) 
levels. Cardiac index (Fig 3) increased above awake 
levels during induction of anesthesia prior to tracheal 
intubation and remained significantly elevated fol- 
lowing tracheal intubation. The increases in cardiac 
index observed following induction of anesthesia and 
tracheal intubation were not accompanied by statis- 
tically significant changes in pulmonary capillary 
wedge pressure (Fig 4). Following tracheal intubation, 
however, pulmonary capillary wedge pressures de- 
creased prior to incision significantly (p < 0.05) below 
levels observed prior to tracheal intubation. Systemic 
vascular resistance (Fig 5) and left ventricular stroke 
work index (Fig 6) decreased following induction of 
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Fic 3. Cardiac indices during anesthesia, intubation, and sur- 


gery (mean + SEM). 
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FiG 1. Heart rate during anesthesia, intubation, and surgery 
(mean + SEM). 
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Fie 2. Systolic arterial blood pressures during anesthesia, in- 
tubation, and surgery (mean + SEM). 
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Fig 4. Pulmonary capillary wedge pressures during anesthe- 
sia, intubation, and surgery (mean + SEM). 


anesthesia (p « 0.01) and increased back to awake 
levels briefly during tracheal intubation (p « 0.05). 
Both then decreased again prior to skin incision. 

The two indices of the relationship between my- 
ocardial oxygen supply and demand, rate pressure 
product (Fig 7) and endocardial viability ratio (Tables 
1 and 2), increased (p « 0.05) and decreased signifi- 
cantly (p « 0.05), respectively, compared to control 
following tracheal intubation. They then returned to 
awake control levels prior to skin incision. 

In group 2 (lidocaine), lidocaine plasma levels av- . 
eraged 6.43 ug/ml following induction of anesthesia 
and tracheal intubation (Fig 8). Heart rate (Fig 1) did 
not differ from the pattern seen in patients given 
morphine. Systolic arterial blood pressure (Fig 2) 
decreased 20 torr with induction of anesthesia (p « 
0.05). This decrease was significantly less than in 
patients given morphine (p « 0.01). Following tracheal 
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Fic 5. Systemic vascular resistance during anesthesia, intu- 
bation, and surgery (mean + SEM). 


Anesthesia Alone Anesthesia & Surgery 


[ JlLidocoine 
ES Morphine Sulfate 


xp < .05 Paired (control) 
xp < .O5Group 


*p« .05 Paired (prior value) 


[ JLidocaine 
Morphine Sulfate 


xp <.05 Paired (befora incision) 
*xp« .O5Group 


*P«.05 Paired (prior value) 





60 
50 x 
w 
1 40 
E * * ]. 
E 30 s * E 
b ys 25 
5 3 
20 em 
M olt d E 1 o a o 
«t 2 ~ ri xj n e Pl 
10 +t « + + + «iE ti + 
» o t- n R - € + 
8 nif P4 8 & NIE E: D 
o ; : Es 
Ccntrol Before After Before Before After Before After 


Intubation Intubation Incision Incision Sternotomy Bypass Bypass 


Fie 6. Left ventricular stroke work indices during anesthesia, 
intubation, and surgery (mean + SEM). 
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Fia. 7. Rate pressure products during anesthesia, intubation, 
and surgery (mean + SEM). 


intubation systolic arterial blood pressure returned to 
control levels but decreased again prior to surgical 
stimulation. Cardiac index (Fig 3) decreased prior to 
intubation (p « 0.05) and remained decreased there- 
after. Pulmonary capillary wedge pressures (Fig 4) did 
not change statistically prior to skin incision. Systemic 
vascular resistance (Fig 5) did not change with induc- 
tion of anesthesia, but increased significantly after 
tracheal intubation and prior to incision (p « 0.05). 
Left ventricular stroke work index (Fig 6) decreased 
with induction of anesthesia (p « 0.05), but unlike 
group 1 did not change thereafter. Rate pressure 
product (Fig 7), increased (p « 0.05) following tracheal 
intubation while the endocardial viability ratio de- 
creased (p « 0.05). These indices of the relationship 


Endocardial Viability Ratios before Induction of Anesthesia, before and after Endotracheal Intubation* 








Control Before intubation After intubation Before incision 
Morphine sulfate 1.2 + 0.11 0.847 + 0.11 0.767 + 0.08 1.0 + 0.11 
Lidocaine 0.92 + 0.09 0.83 + 0.10 0.737 + 0.08 0.991 + 0.08 





* Values are means + SEM. 
t p < 0.05 paired with (control). 
ip < 0.05 paired (prior value). 


TABLE 2 


Endocardial Viability Ratios before Induction of Anesthesia, before and during Surgery* 





Before incision 


After sternotomy 


Before bypass After bypass 





1.0 + 0.11 
0.99 + 0.08 


Mcrphine sulfate 
Lidocaine 


0.93 + 0.09 
1.0 + 0.13 


0.791 + 0.09 
0.91 3: 0.06 


0.97 + 0.09 
0.96 + 0.07 





* Values are means + SEM. 
T p < 0.05 paired with (before incision). 
tp < 0.05 paired (prior value). 
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Fie 8. Lidocaine blood levels (mean + SEM). 


of myocardial oxygen supply and demand (rate pres- 
sure product and endocardial viability ratio) returned 
to awake control values prior to skin incision. Similar 
changes in these indices were observed in group 1. 


Anesthesia and Surgery 


During this period the effects of surgery on cardio- 
vascular function were examined by comparing 
hemodynamic data prior to skin incision with those 
following skin incision. 

In group 1 (morphine), heart rates (Fig 1) increased 
from 68 to 79 beats/min (p < 0.05) following sternot- 
omy and continued to increase until the start of 
cardiopulmonary bypass. Heart rates remained ele- 
vated following termination of bypass. Systolic arte- 
rial blood pressures (Fig 2) similarly increased during 
surgery from 111 to 153 torr following sternotomy (p 
< 0.01). Because of an unacceptable (>20%) increase 
in systo:ic arterial blood pressure, a few patients 
required vasodilators immediately prior to cardiopul- 
monary bypass. Cardiac index (Fig 3) decreased to 
preinduction levels and remained decreased through- 
out surgery. There were, however, no changes in the 
pulmonary capillary wedge pressures (Fig 4). Systemic 
vascular resistance (Fig 5) increased and remained 
elevated until bypass. Left ventricular stroke work 
index (Fig 6) initially increased but had decreased by 
the time cardiopulmonary bypass was started. 

Rate pressure product (Fig 7) increased following 
sternotomy (p < 0.01) and remained elevated up to 
and following cardiopulmonary bypass. Similarly, the 
endocardial viability ratios decreased during surgical 
stimulatzon significantly below awake levels (p < 
0.05) (Table 2). Both rate pressure product and en- 


docardial viability ratios returned toward control lev- 
els following completion of cardiopulmonary bypass. 

In group 2 (lidocaine), blood lidocaine levels (Fig 8) 
reached their highest values (9.47 + 1.35 ug/ml) fol- 
lowing sternotomy and decreased slightly prior to 
bypass. The infusion of lidocaine was stopped at the 
onset of bypass, and by the end of bypass lidocaine 
plasma levels had decreased even further to 3.63 + 
0.51 pg/ml. Plasma levels of lidocaine prior to gardi- 
opulmonary bypass correlated significantly with the 
levels in the atrial appendage (r = .76, p < 0.01). 
Surgical stimulation did not increase heart rates (Fig 
1) or arterial systolic blood pressures (Fig 2) in this 
group of patients as it did in patients given morphine 
(p < 0.01). Cardiac index (Fig 3) did not change in 
patients in group 2 from preincision levels prior to 
going on bypass. Pulmonary capillary wedge pressure 
(Fig 4) and systemic vascular resistance (Fig 5) both 
increased following sternotomy, but returned to 
preincision values before cardiopulmonary bypass 
was instituted. Left ventricular stroke work index (Fig 
6) remained at preincision levels, which significantly 
differed from left ventricular stroke work index levels 
observed in patients given morphine after sternotomy 
(p < 0.05). 

The rate pressure products (Fig 7) and endocardial 
viability ratios (Table 2) did not change statistically 
during surgical stimulation. The stability of these 
parameters stands in contrast to the changes that 
occurred during surgery in patients given morphine. 


Electrocardiographic and Electroencephalographic 
Responses | 


There was no electroencephalographic (EEG) evi- 
dence of seizure activity in either group. The EEG 
change most often encountered consisted of the emer- 
gence of slow-wave activity with the onset of anes- 
thesia which persisted throughout the operative pe- 
riod. The incidence of myocardial ischemia as evi- 
denced by the frequency of ST and T changes on the 
electrocardiograph was the same in both groups and 
was not consistently related to changes in endocardial 
viability ratios or rate pressure products. 


Outcome 


There was no difference in morbidity or mortality 
between the two groups. There were two deaths sec- 
ondary to myocardial failure and two myocardial 
infarctions with both patients surviving. These com- 
plications were divided equally between the two 
groups and neither complication was thought to be a 
result of the anesthetic. 
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The only difference in the postoperative courses of 
the two groups of patients was that patients given 
lidocaine could be extubated a few hours following 
surgery whereas most of the patients given morphine 
required tracheal intubation overnight. 


Discussion 


In considering these data we will first examine the 
rationale for the doses of lidocaine and morphine 
used in this study and the effects of diazepam, nitrous 
oxide, and pancuronium on the action of these agents. 
In addition, the rationale for patient selection, and the 
hemodynamic differences that occurred between the 
two types of surgery (coronary artery bypass and 
aortic valve replacement) will be discussed. Finally, 
we will compare the two anesthetic regimens. 

Although both lidocaine and morphine have anal- 
gesic properties when administered intravenously, 
morphine is greater in potency and efficacy." The 
analgesic properties of these two drugs are, however, 
not necessarily related to their anesthetic potencies. 
Reduction of the MAC of volatile anesthetics has 
been used as an index of the anesthetic potency of 
intravenous agents, and lidocaine reduces the anes- 
thetic MAC to a greater extent than its analgesic 
properties would suggest. In rats, the MAC of cyclo- 
propane is decreased 40% by lidocaine blood levels 


of 14 pg/ml.” In the dog, a maximum reduction of 
the halothane MAC (approximately 45%) occurred at 
plasma lidocaine levels of 10 ug/ml.” Lidocaine blood 
levels of 3 to 6 ug/ml, not dissimilar to those found 
in our patients, decreased MAC 15 to 28% in patients 
. receiving 70% nitrous oxide in oxygen and premedi- 
cated with morphine, 8 to 12 mg IM.” Similar mea- 
surements of the effect of morphine on anesthetic 
requirements in man are scant. Morphine premedi- 
cation, 15 mg, decreases halothane MAC as much as 
976? and fluroxene MAC as much as 20%.” Morphine 
sulfate, in the rat, 2 mg/kg IV (the dose used in the 
present study), decreases cyclopropane MAC 22%,” 
Although extrapolation of these latter findings to the 
"equality" of our doses of morphine and lidocaine is 
difficult, these data do suggest that the doses of 
morphine and lidccaine that we used may have been 
equally potent in reducing anesthetic MAC. 

In addition, the morphine dosage used in this study, 
1 to 2 mg/kg, has been recommended for cardiac 
surgery when used in combination with other agents 
such as diazepam and nitrous oxide.?* ? The lidocaine 
dosage we used during induction of anesthesia (6 mg/ 
kg) was given initially to attain a blood level of 
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approximately 6 ug/ml based on previous work, cor- 
responding to an anticipated reduction of MAC of 15 
to 28%. Additional lidocaine (up to 15 mg/kg) was 
given to increase plasma levels to approximately 10 
ug/ml where, in animals, the dose response curve for 
reduction of MAC plateaus.” A major rationale for 
selecting the doses of lidocaine and morphine used in 
this study was that these doses have been used pre- 
viously in the patient population being studied. While 
no statement equating the anesthetic potency of these 


agents can be made, the similarity of the hemody- 


namic responses prior to the onset of surgery during 
tracheal intubation suggests that the doses employed 
were equally efficacious. 

Diazepam-nitrous oxide anesthesia has been re- 
ported to produce small decreases in systemic vascu- 
lar resistance, without signs of cardiovascular depres- 
sion.^ Our observations following the addition of 
lidocaine as an adjunct to diazepam-nitrous oxide 
anesthesia during laryngeal manipulation extend and 
confirm earlier reports that intravenous lidocaine at- 
tenuates the hypertension and tachycardia associated 
with laryngoscopy when used in combination with 
diazepam and nitrous oxide. The increase in systolic 
arterial blood pressure and heart rate with tracheal 
intubation which occurred in patients receiving high- 
dose lidocaine is in agreement with the previously 
published data of Falk et al.” Similarly, we observed 
a decrease in cardiac index, systolic arterial blood 
pressure, and left ventricular stroke work index in 
patients given lidocaine following induction of anes- 
thesia similar to that observed by Falk et al,” who 
studied a group of patients during induction using 
similar doses of diazepam and lidocaine and the same 
concentration of nitrous oxide. In our study, pancu- 
ronium bromide was used instead of succinylcholine 
to facilitate tracheal intubation. This resulted in a 
small, but significant, increase in heart rate (10 beats/ 
min) prior to tracheal intubation. This was, however, 
the only difference between these hemodynamic data 
and those observed in the study by Falk et al." Simi- 
larly an increase in heart rate was observed in patients 
given morphine following use of pancuronium bro- 
mide. In our patients, morphine sulfate when added 


° Prakash R, Thrier R, Vargas A, Diaz PM: Cardiovascular effects 
of diazepam induction in patients for aortocoronary saphenous 
vein bypass surgery (abstract), presented to the American Society 
of Anesthesiologists, October 12, 1976. 

* Dhadphale PB, Behrendt DM, Jackson PF, Jochim KE: The 
effect of diazepam on contractility in the intact human heart 
(abstract), presented to the American Society of Anesthesiologists 
October 18, 1977. 
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to diazepam-nitrous oxide anesthesia attenuated the 
expected increases in heart rate and systolic arterial 
blood pressure with tracheal intubation as did lido- 


. caine, but morphine was less effective in attenuating 


these responses following surgical stimulation. 

A frequent technique for cardiac anesthesia has as 
its base diazepam-nitrous oxide with a muscle relax- 
ant, and additional adjuvant agents. Our study com- 
pares two of the different adjuvant agents, one of 
which (morphine) is frequently used in anesthesia. 
Thus, while the hemodynamic response observed in 


this study cannot be attributed solely to the pharma- . 


cologic properties of the adjuvant agents, it is appro- 
priate to compare an anesthetic regimen that includes 
morphine to an anesthetic regimen that includes lid- 
ocaine. 

When patients undergoing aortic valve replacement 
were compared with those undergoing coronary ar- 
tery bypass (but receiving the same anesthetic regi- 
men) we found no significant differences (other than 
control heart rate) in hemodynamic responses, mag- 
nitude of the responses to anesthesia or surgery. 
Initially, patients with aortic valvular disease had 
higher control heart rates, probably because they were 
not given propranolol preoperatively. These two types 
of heart disease were selected because they represent 
groups of patients in whom the myocardium is sus- 
ceptible to ischemia resulting from imbalances in 
oxygen supply and oxygen demand. 

The effects of the two anesthetic regimens on the 
relationship between the myocardial oxygen supply 
and demand can be demonstrated by changes in the 
rate pressure product and the endocardial viability 
ratio. These indices were altered to a similar extent in 
both groups during tracheal intubation. During sur- 
gical stimulation, however, the relationship between 
these two indices of oxygen supply and demand 
remained unchanged in patients given lidocaine com- 
pared to control values whereas in patients given 
morphine increased oxygen demand and decreased 
supply were suggested following surgical stimulation. 

The major determinants of increased myocardial 
oxygen demand include increased contractility, heart 
rate, and myocardial wall tension. An increase in 
heart rate increases myocardial oxygen requirements; 
heart rate increased dramatically in our patients who 
were given morphine, but remained unchanged in 
those given lidocaine. So, too, an increase in contrac- 
tility increases myocardial oxygen demand. Contrac- 
tility is difficult to measure directly. Nonetheless, 
changes in left ventricular stroke work index reflect 
changes in contractility providing that filling pressure, 


as estimated by pulmonary capillary wedge pressure 
in this study, remains unaltered. With morphine left 
ventricular stroke work index increased in our pa- 
tients while the pulmonary capillary wedge pressure 
remained constant, thus, indicating augmented con- 
tractility. With lidocaine, on the other hand, left ven- 
tricular stroke work index remained unchanged while 
the pulmonary capillary wedge pressure increased 
slightly, thus suggesting depression of contractility. 

Left ventricular stroke work index, a pressure-vol- 
ume product (stroke volume index times the mean 
arterial-pulmonary wedge pressure difference), may 
reflect myocardial wall tension. With morphine left 
ventricular stroke work index increased in our pa- 
tients primarily as a result of an increase in mean 
arterial pressure. Stroke volume index decreased (car- 
diac index remained unchanged while heart rate in- 
creased); therefore, the increase in left ventricular 
stroke work index was due to an increase in external 
work (pressure work) rather than an increase in in- 
ternal work (volume work). With lidocaine left ven- 
tricular stroke work index, as well as heart rate, mean 
arterial pressure, and cardiac index remained un- 
changed, thus suggesting that there was no increase 
in either myocardial wall tension or in its primary 
determinants, pressure and volume. These results are 
summarized in Fig. 9. 

Thus, the major determinants of increased demand 
for oxygen by the myocardium (increased heart rate, 
increased contractility, and increased wall tension) all 
increased with sternotomy in our patients who were 
given morphine. An increase in external work, which 
is associated with a greater oxygen demand than is an 
increase in internal work, was the major factor in 
increasing wall tension in these patients. Patients 
given lidocaine on the other hand, did not demon- 
strate increases in oxygen demand as reflected by 
these determinants (heart rate, contractility, and wall 
tension did not increase). 

The ability of lidocaine to diminish the hyperten- 


Induction Intubation Surgical Stimulation 
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Fig 9. Summary of hemodynamic measurements. (T signifies 


an increase, | a decrease, and — no change, "sl" refers to 
slight changes). 
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sive-tachycardiac response to noxious stimuli was 
more apparent during surgical stimulation than tra- 
cheal intubation. This observation probably reflects 
the fact that higher blood levels of lidocaine were 
present during surgery. Lidocaine’s efficacy in abol- 
ishing the autonomic response to surgical stimulation 
appeared greater than that of morphine, a difference 
not observed during tracheal intubation. The apparent 
ability of morphine to ameliorate the response to 
tracheal intubation may partly reflect conditions prior 
to this stimulus, namely a lower systolic arterial blood 
pressure secondary to a reduced systemic vascular 
resistance in the morphine-treated group prior to 
tracheal instrumentation. Thus, a greater increase in 
systolic arterial blood pressure resulting from tracheal 
intubation of these patients (29 torr vs 12 torr in the 
lidocaine group) resulted in a postintubation systolic 
arterial blood pressure not differing from those mea- 
sured in the lidocaine group. On the other hand, by 
the time of the skin incision, systemic vascular resist- 
ance was identical in both groups. Following sternot- 
omy, there was a significantly greater increase in 
systolic arterial blood pressure (and a higher final 
systolic pressure) in patients receiving morphine. 

Myocardial depression has been reported when 
nitrous oxide is added to morphine anesthesia.” 
Since the pulmonary capillary wedge pressure did not 
change and cardiac output increased after induction 
of anesthesia but prior to tracheal intubation, it is 
difficult to attribute the hemodynamic effects of mor- 
phine-nitrous oxide anesthesia that we observed to 
direct myocardial depression. 

The beneficial effects of lidocaine may best be 
explained on the basis of direct myocardial depres- 
sion. Although small decreases in the systemic vas- 
cular resistance have been reported with intrave- 
nously administered lidocaine,” these decreases were 
not observed under the conditions of this study. The 
decreases in cardiac index, systolic arterial blood pres- 
sure, and left ventricular stroke work index, and the 
increase in pulmonary capillary wedge pressure were 
compatible with direct myocardial depression. The 
effect of high dose intravenously administered lido- 
caine on the autonomic nervous system is unknown, 
and depression af responses to tracheal intubation 
and surgical stimulation secondary to depression of 
the autonomic nervous system cannot be excluded. It 
is interesting to note, however, that systemic vascular 
resistance was above awake levels after tracheal in- 
tubation and sternotomy, suggesting some peripheral 
autonomic activity causing reflex vasocontriction in 
response to stimulation. 
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It is concluded that lidocaine can safely be used as 
an intravenous anesthetic agent in cardiac surgical 
patients, although it must be used cautiously in pa- 
tients with compromised cardiac function. Lidocaine 
produces a controlled dose-related depression in my- 
ocardial performance which can be used to inhibit 
reflex increases in blood pressure and pulse rate 
during tracheal intubation and during surgical stim- 
ulation. Lidocaine, thereby, favorably influences my- 
ocardial oxygen requirements. Whereas this depres- 
sion does not inhibit these reflexes, which adversely 
affect myocardial oxygen supply and demand during 
tracheal intubation, any more than morphine, lido- 
caine was superior to morphine in depressing these 
responses during the period of surgical stimulation. 
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Warning Arrhythmias before Ventricular Tachycardia 


In order to determine the relationship of paroxysmal ventricular tachycardia (PVT) to any antecedent 
(premonitary) ventricular arrhythmias during the early phases of acute myocardial infarction, 24-hour 
Holter monitoring was begun on 52 male patients an average of 12.6 hours after the onset of prolonged 
chest pain that was subsequently documented as acute infarction. Twenty-four patients had PVT and 
28 did not. PVT was defined as three or more consecutive beats of ventricular origin at a rate greater 
than 120 beats per minute. The frequency of premature ventricular complexes (PVCs), "the prema- 
turity index," and incidence of pairing during the 10 minutes immediately preceding PVT were 
obtained from continuous 10-minute rhythm strips. There was no positive correlation between PVT 
and the number or complexity of PVCs in the 10 minutes immediately before ventricular tachycardia. 
These findings suggest that there is no consistent pattern or frequency of ventricular arrhythmia that 
could be identified as premonitory for PVT during the immediate pre-PVT period, even during the 
acute phase of myocardial infarction in man. (De Soyza N, Meacham D, Murphy ML, et al: Evaluation 
of warning arrhythmias before paroxysmal ventricular tachycardia during acute myocardial infarction 
in man. Circulation 60:814-818, 1979) 
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article 


The History of Drug Inhalation: 


A Brief Overview 
J. S. Gravenstein, MD* 


dioe anesthesia could not be accepted by 
the medical profession until three concepts had 
reached maturity. These concepts are, first and most 
obvious, a predictably reversible state of unconscious- 
ness can be safely produced. Second, this state of 
unconsciousness is caused by use of a single specific 
drug, not an elaborately compounded mixture of 
medicines so widely used at the time. Finally, the 
drug is administered by inhalation, not as in the case 
of most contemporary potent medicines, orally. 

The history of anesthetic drugs and the concept of 
anesthesia have been well described." We hear less 
about the history of medicinal inhalations, the topic 
of my treatise. Ur.der this general heading one might 
include the inhalation of sea air for health reasons, 
fumigation for cleansing rooms of evil influences, and 
the account of miasmas or caves with an atmosphere 
injurious to the health of man and beast. These I shall 
not discuss. 

Two old but distant relatives of inhalation anesthe- 
sia I shall mention only briefly. One is the voluntary 
breath holding, or hyperventilation, which—accord- 
ing to Ellis'— was practiced for its effect on the psy- 
che. The other is the often mentioned Greek oracle at 
Delphi where a priestess, Pythia, placed herself into 
a trance by chewing laurel leaves and breathing em- 
anations from the earth. The two examples deserve 
notice because both give evidence that long before 
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the Christian era people were aware that under special 
circumstances breathing could have uncommon ef- 
fects on the mind. 

In the following pages, I shall sharpen the focus 
and discuss examples closer to general inhalation 
anesthesia, i.e. occasions where man purposefully 
altered the composition of the ambient air for a local 
or general effect often but not invariably with thera- 
peutic intent. Much of the material here has been 
taken from historical texts." ? To these well described 
stories I shall not give bibliographic references. Ma- 
terial from lesser known sources, however, is docu- 
mented. The purpose is to review the background and 
history of medicinal inhalation which eventually led 
to and culminated in inhalation anesthesia. 

Vapors, fumes, or gases can be either self-admin- 
istered or they can be administered by others. They 
can be given without instruments or with elaborate 
machines. The Figure shows a suggested classifica- 
tion. The most sophisticated clinical inhalations, e.g., 
modern anesthesia, are represented in the right lower 
corner of the Figure. The simplest and probably oldest 
use of inhalations, communal smoking without pipes, 
is shown in the left upper corner. Two important 
conceptual advances separate these extremes. One is 
the appearance of a person, eventually the anesthe- 
siologist, who administers the artificial airs without 
partaking in their inhalation. The other is the devel- 
opment of equipment and machines for the accurate 
administration of the artificial airs. As we shall see, 
the evolution from simple to sophisticated did not 
progress in step with the march of time. 
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FiGURE. Organization of the features of drug inhalation ranging 
from the simplest (self-administered without a mechanical device 
by a group, e.g., communal smoke inhalation around an open 


Self-Administration 


By a Group without a Mechanical Device 


Perhaps the voluntary inhalation of smoke started 
with the accidental discovery that smoke produced 
when certain plants were burned had desirable effects. 
This occurred at different times in different cultures 
but must have been common before recorded history. 
A relatively late account of one example is given by 
Herodotus, the Greek historian who lived around 450 
sc. He mentioned the Massagetai, a nomadic people 
of central Asia north of the Oxus River, and wrote 
that they had discovered trees that yielded a special 
fruit. The tribe would assemble around the fire and 
smell the fruit as it burned. From its scent they 
became intoxicated and when they threw more fruit 
into the fire, the Massagetai began to rise and sing 
and dance. 

For more than 2500 years, incense has been burned 
in religious ceremonies and other settings. One of the 
oldest and best known representations of a censer is 
found on the breast of the Sphinx of Giza, which 
dates to about 1530 ac. In these censers a great variety 
of aromatic substances, vegetable and animal, were 
used. While the purpose of incense burning may have 
been ritual, for the sake of importing a sweet smell to 
the air, for sanitary fumigation, or to provide in its 
rising smoke a vehicle for the ephemeral to ascend to 
the heavens, Plutarch attributed to its sweet odor a 
“benign physiological effect." The censer came in 
many different shapes but most were essentially pots 
with perforated lids that allowed the smoke to escape. 
In a well known story from A Thousand and One 
Nights the soporific fumes were dispensed from a 
censer to put to sleep the guards of a camp. 
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fire) to the most complex (drug administered by a person to an 
individual using a méchanical device, e.g., current anesthesia 
practice). 


By an Individual without a Mechanical Device 


At times, the communal inhalations may have had 
religious purposes, or they may have served social 
needs. In either case, smoke inhalations were not 
practiced to cure a specific disease or influence a 
particular symptom. However, somewhere the tran- 
sition was made and purposeful inhalations by a 
single person for therapeutic reasons were introduced. 
This was a significant advance. Examples of such 
individual inhalations without instruments abound. 
One of the oldest examples, drawn from mythology, 
is the story of Aphrodite, the Greek goddess of sea- 
faring and love. As such she knew several men, among 
them the handsome Adonis. When Aphrodite learned 
that he had been killed during a boar hunt, she threw 
herself upon a bed of lettuce to assuage her grief. To 
the people of ancient times, this response to grief was 
in no way odd and required no further explanation. 
Lettuce as a pharmakon, is mentioned repeatedly and 
was no stranger than crocodile skin, although ob- 
tained perhaps more readily and hence used more 
frequently. The point is that Aphrodite threw herself 
onto the lettuce to inhale its therapeutic emanations. 
That a gentle scent from certain plants was believed 
capable of producing hypnotic effects is born out by 
many later statements. Thus, Dioscorides (a Greek 
physician who lived in the Ist century ap and who 
wrote authoritatively on materia medica) mentioned 
apples that "are narcotic when smelled too." Celsus 
(the "Cicero of Medicine" in the Ist century ap) 
described placing mandrake apples under the pillow 
as a useful hypnotic. The idea of incorporating the 
hypnotic into the pillow was not forgotten. In 1787 
the physician attending George III sought relief for 
the insomnia from which the king suffered. He pre- 
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scribed a pillow filled with hops. 

One might argue that such a pillow was thought to 
act by contact rather than by its scent, just as placing 
a textbook under the pillow is said to facilitate the 
assimilation of its content into the head of the sleeper 
who rests on it (perhaps). A curious German prescrip- 
tion from 1733° promises benefit by permeation as 


well as inhalation or olfaction: For treatment of a head - 


cold and “as a tonic for the head fix yourself a little 
bag with sweet marjoram, wild thyme, garden thyme, 
laurel and black caraway and place it upon your head; 
you can also—with great advantage—smell of it fre- 
quently because these herbs serve to strengthen you 
and reduce the cold.” 

Another method for self-administration called for 
incorporation of the active substance in a candle. For 
toothache, Dr. Andrew Borde, a colorful physician 
from Sussex who at one time attended Henry VIII, 
prescribed in the 16th century “a candell of waxe with 
henbane seeds which must be lighted so that the 
perfume of the candell do enter into the tooth.” Later 
a German text? recommended for toothache the 
smoke of burning hemp seeds, sweet marjoram, and 
sugar. While the intent in both instances was to 
provide a local effect, inhalation could not have been 
avoided. | 

At about the same time, i.e., in the 18th century, 
ether inhalations were prescribed primarily for lung 
disease. The drug was placed into a cup. Sometimes 
a candle under the cup helped evaporation of what 
was probably.a mixture of diethyl ether, alcohol, and 
ethereal oils. Today glue sniffers and smokers of 
cigarettes containing tobacco, bronchodilating drugs, 
or marihuana fit into the category of inhalation by 
single individuals using no mechanical device. 


By a Group with a Mechanical Device 


In developing and refining inhalation of fumes or 
smoke, it became necessary to invent techniques to 
gather and deliver the inhaled substance in a more 
convenient and manageable way than was possible 
using an open fire. Àn example of this cited by 
Herodotus refers to the early discovery of what we 
today might call a semi-open method. The semi-open 
method of inhalation of drugs has fallen out of vogue 
and it may be necessary to remind the reader that in 
anesthesia practice a few decades ago the term was 
used to describe the administration of open drop 
anesthesia—usually with ether. Instead of keeping the 
system quite open, i.e., only a gauze-covered mask 
onto which the drug was dripped, a towel was 
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wrapped around the patient's face and mask so that 
a chimney was formed with a wide opening on top 
into which the ether was dripped. A forerunner to 
that method was used by the Scythians, a people 
living to the north of the Black Sea. They also con- 
tained the fumes by wrapping something around their 
"vaporizer." Herodotus related: "When they have set 
up three pieces of wood leaning against each other, 
they extend round them woolen cloths; and having 
joined them together as closely as possible, they throw 
red-hot stones into a vessel placed in the middle of 
the pieces of wood and the cloths ... When (they) 
have taken some seed of ... hemp, they creep under 
the cloths, and then put the seed on the red-hot 
stones. The Scythians, transported with the vapor, 
shout aloud" (quoted by Ellis’). 


By an Individual with a Mechanical Device 


It requires only a small conceptual step to take a 
censer, insert a reed into the hole of its perforated lid, 
and inhale the smoke for medicinal purposes. Indeed, 
such smoke pots were used in ancient Egypt, Greece, 
and Rome, even into the 18th century of our time.” 
These devices had only one hole in the lid, the better 
to capture the smoke of hemp, poppies, and other 
aromatic herbs that were burned. Because the rising 
smoke was hot, it was necessary to inhale with an 
open mouth. Hippocrates advised use of a wet sponge 
to cool lips and face. Galen, the Greek physician who 
practiced in Rome about 150 ap, described a refine- 
ment and thereby introduced the disposable mouth 
piece. He said (quoted by Waldenburg?): “The end of 
the reed is very hot. Take an empty egg with holes on 
either end into your mouth and insert the reed 
through it." 

A much later modification of this venerable method 
was recommended in 1733 by Seelig? who wrote, 
"take a new pot, put one hole into its bottom and 
another into its belly. Through this side hole intro- 
duce a red-hot poker which you bring into contact 
with wax containing medicinal herbs." He did not 
mention that the pot had to be turned upside down 
to work. That must be understood as he concluded 
by saying: "Now you can guide the smoke nicely and 
tightly bundled into your mouth." This 18th centüry 
remedy for toothache combines the medicated "can- 
dell" of Borde and the pot of Hippocrates. 

The Persian water pipe—from which opium and 
hemp could be and was smoked—and medicated 
tobaccos for pipes, are all relatives of this smoke-pot 
category. The profusion of today's drug culture ac- 
couterments are direct descendants of these devices. 


GRAVENSTEIN 


One curious device that facilitated aspiration into 
the nose—not of smoke but of powders—was; de- 
scribed by Humboldt (quoted by Ellis”) who observed 
that the South American Ottomac Indians inserted a 
Y-shaped hollow bird bone into their nostrils to sniff 
and inhale the powder made of mimosacea. Nasal 
prongs and mouth pieces had been thought of long 
before modern inhalation therapists reinvented them. 

The small improvised ether inhalers used in the 
early years of the 19th century are well known. A 
funnel was placed upside down over a cup containing 
ether. A quill was wedged between funnel and cup to 
lift the funnel brim a little and admit more or less air 
to dilute the ether vapor. The patient then inhaled 
carefully by holding the funnel tip with the lips. No 
empty egg was needed! 

In European folk medicine, steam inhalations and 
breathing of aromatic vapors were widely practiced 
well before and long after the introduction of inhala- 
tion anesthesia. Inhalations were recommended in 
popular medical treatises and devices for such inha- 
lations were described in the current literature.” 


Administered by Others 


Now we are ready for the giant step, the introduc- 
tion of the anesthetist. The Bible reports (Genesis 2: 
21) that God "caused a deep sleep to fall upon Adam” 
when He took one of Adam's ribs. Some take this as 
evidence for a divine mold for the anesthesiologist. A 
more modest view might be in order as some forerun- 
ners to anesthesiologists do not invite emulation. 


To a Group without a Mechanical Device 


This category does not provide many examples. 
The only one I could fit (with a little strain) into this 
slot comes from Holland, France, and England of the 
mid 1800s.? At times of pertussis epidemics, many 
children needed treatment. There was a belief that 
they were helped by breathing the air in certain rooms 
of illuminating gas works. The children were taken 
there and allowed to breathe the "Gasluft" for “some 
time," reputedly with excellent results. Two to three 
visits were usually necessary for a cure. 


To an Individual without a Mechanical Device 


A grim example is provided by the history of witch 
burnings. It was apparently customary to cut short 
the suffering of the condemned by stifling them with 
smoke before the flames reached them. Also in the 
realm of the macabre is another application of the 
charming "candell" as conceived by Edgar Allen 


Poe”; “... ir. reading some French memoirs, I found 


an account of a nearly fatal illness that occurred ... 
through the agency of a candle accidentally poisoned. 
This idea struck my fancy at once . . . I substituted, in 
his bedroom candle stand, a wax light of my own 
making for the one which I there found. The next 
morning he was discovered dead in his bed, and the 
coroner's verdict was - 'death by the Visitation of 
God'." "A. 
Friendly applications, however, were plentiful. 
These can be divided into two categories, the medi- 
cated smoke and the drugged sponge. The former is 
already familiar and comprises innumerable refer- 
ences to the preparation of medicinal smokes at the 
bedside. While these go far back into antiquity, a 
relatively recent application dates from 1809 when a 
physician placed opium on a red-hot iron next to the 
patient's bed in cases of hysteria, depression, or fits." 

Now we turn to the sponge. Because it is not an 
instrument or a contrived machine, | list it here. It 
seems to have been favored more because it served as 
a flexible vessel than anything else. Thus it was used 
to bring close to the patient's nostrils soporific med- 
icines, for iastance one containing opium, hyoscy- 
amus, and the juice of unripe mulberry, all according 
to the monk physician Theodoric, who lived about 
1490. His "oleum lateribus" was thought powerful 
enough to: produce surgical anesthesia. Indeed, the 
soaked sponge could be dried in the sun and then, 
whenever needed, activated by adding water. 

Undoubtedly the best known reference to the 
sponge occurs in the Bible. In the account of the 
Crucifixion, we are told by John (The Gospel Accord- 
ing to St John: Chap 19, verse 29): "Now there was 
set a vessel full of vinegar; and they filled a sponge 
with vinegar and put it upon Hyssop and put it to His 
mouth." It is not certain that it was really vinegar or 
a sour wine—perhaps drugged—that was offered to 
Christ who thirsted. Nor do we know with certainty 
the purpose of offering vinegar or wine at crucifixion. 
Both vinegar and sponges recur in many medicinal 
settings. Through the centuries, vinegar was em- 
ployed to revive the faint by its pungent smell? 
Others used effervescent spirits placed before nose 
and mouth “or the same purpose.” This is still prac- 
ticed today but has obviously been well established 
for many centuries. 


To a Group with a Mechanical Device 


Asian thieves produced soporific smoke in pots and 
blew the srroke into the houses of people they were 
planning to rob. One detailed description (quoted by 
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Waldenburg’) relates to an Englishman traveling in 
China. One night he found himself overcome by 
opium smoke in his bedroom. The smoke was being 
blown by thieves into his room through a crack in the 
ceiling. As soon as the Englishman was too sleepy to 
respond, the thieves enlarged the hole in the ceiling, 
climbed into the room and stole his money. This 
account antedates the introduction of anesthesia by 
many decades. Thieves have now adopted the use of 
better drugs and occasional stories from the United 
States and Europe report that thieves still attempt to 
anesthetize their victims. 

Recently this method was employed in campsites 
of Southwestern Europe where thieves blew anes- 
thetics into the tents of their victims. Anesthesiolo- 
gists may wonder about these reports. It is not easy 
to reach stupefying concentrations in a room or tent. 
Perhaps the thieves, emboldened by confidence in 
their pharmacologic stealth and aided by a placebo 
effect, were particularly swift while their victims 
slumbered no more deeply than usually. 


To an Individual with a Mechanical Device 


Historic inhalers for oxygen, nitrous oxide and 
ether, and gas masks have been well described in the 
literature and I shall not discuss them here. As soon 
as a specific agent, and the need to administer it by 
the inhalation route, and the decision to confine it 
were clearly formulated, various devices for the ad- 
ministration of anesthetics were invented. Indeed, 
anesthesia apparatus was a striking feature of the 
earliest anesthetics given by William Morton and 
John Snow. Both took pains to have the anesthetic 
vapor concentrated and thus limited to the patient; 
both built vaporizers related in concept to the smoke 
pots of the ancients. Both had access to the literature 
describing inhalation devices with tubes and valves 
and mouth pieces or gas masks. In his inhaler, Morton 
even incorporated a sponge, that most venerable in- 
strument of anesthesia lore. The other pioneer, Craw- 
ford W. Long, was apparently more influenced by the 
conceptually simpler application of ether in the “ether 
frolics," where users without instruments vaporized 
ether for self-administration. Long vaporized ether on 
a cloth. For almost 100 years the majority of anes- 
thetics in the world were given by open drop rather 
than with the help of a vaporizer as designed by 
Morton or Snow. 

Why is it that these inhalers,‘ with such distin- 
guished parentage and hoary history, were ignored? 
Duncum? thinks that Morton's apparatus fell into 
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disuse because he applied for a patent. This led the 
Boston surgeons to employ a bell-shaped sponge 
which they held over the patient’s nose and mouth. 
But then why did Snow’s apparatus fail to be copied? 
He designed it because he considered "a knowledge 
of the strength of the vapour as being essential to a 
correct determination of the state of the patient at all 
times." He was more than 100 years ahead of his 
time with this reason for seeking to determine the 
“proportions of air and vapour.” Most other anesthe- 
tists obviously thought this unnecessary, too expen- 
sive, or too cumbersome, even though a few recom- 
mended inhalers of various designs. 

Looking back over the centuries we observe that 
the developments of new concepts do not unfold in 
orderly progression, but culture, knowledge, person- 
alities, circumstance, and need conspire to establish 
finally what was available for a long time, either in 
concept or as a brilliant, early demonstration. 


Summary 


When anesthesia made its triumphant entry more 
than 130 years ago, it established inhalation as a major 
and important route for the uptake of drugs. A brief 
review of the colorful history of medicinal inhalations 
shows that man has inhaled at least as long as written 


records exist, not only to sustain but also to modify 
life. 
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Bacteremia from Pressure Transducers 


Primary Serratia marcescens bacteremia developed in 17 patients in an intensive care unit after 
exposure to pressure monitoring devices. Presterilized individually packaged disposable transducer 
domes, stopcocks, and connecting lines were attached to the pressure transducer heads. A study 
showed that all of the transducer heads were contaminated with 5. marcescens, and prospective 
culturing of 110 pressure monitoring lines disclosed a 24% rate of contamination with the same 
organism. Hand contamination occurs at the time the equipment is initially assembled; in five of eight 
trials, transmission was shown experimentally to occur by direct inoculation of open ports. Routine 
disinfection of the transducer heads with glutaraldehyde not only effectively decontaminated all 
pressure monitoring lines in use, but also controlled the outbreak. (Donowitz LG, Marsik FJ, Hoyt 
JW, et al: Serratia marcescens bacteremia from contaminated pressure transducers. JAMA 242:1749— 


1751, 1979) 
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CLINICAL 
reports 


Hepatitis Associated with 
Enflurane Anesthesia 


Fernando V. Ona, MD,* 
Henry Patanella, MD,t and 
Asif Ayub, MD 


Adverse hepatic responses have been reported after 
exposure to halothane, methoxyflurane, and flurox- 
ene."? The following case indicates that repeated 
exposure to enflurane (Ethrane; 2-chloro-1,1,2-tri- 
fluoroethyl difluoromethyl ether) may also be asso- 
ciated with a hepatic reaction resembling hepatitis. 
This case supports the earlier reports of jaundice and 
liver damage following enflurane anesthesia." 


Case Report 


A 66-year-old woman was admitted to St. Mary’s Hos- 
pital on January 22, 1979 for repair of a 3 x 3-cm scalp 
laceration. Past history included essential hypertension 
since 1957 controlled by guanethidine sulfate, 10 mg three 
times a day, intrinsic bronchial asthma treated with chlor- 
pheniramine maleate, 8 mg twice a day, and uncomplicated 
mitral valve prolapse. In 1972, she had an appendectomy 
under spinal anesthesia for acute perforated appendicitis. 
At that time intravenous cephalothin, 8 g/day was admin- 
istered for 1 week. She denied any history of hepatitis or 
prior exposure to anyone with viral hepatitis. 

On January 23, 1979, the patient underwent debridement 
of the scalp laceration and excision of nonviable parietal 
bone. The operation was performed under enflurane anes- 
thesia. The procedure lasted 90 minutes and was uneventful. 
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Prophylactic antibiotics were administered in the form of 
cephalothin, 2 g every 6 hours intravenously for 2 days, 
followed by cephalexin, 500 mg every 6 hours orally for 5 
days. Levels of total serum bilirubin, serum glutamic oxa- 
loacetic transaminase (SGOT), and alkaline phosphatase 
were within normal limits before and 6 days after the 
operation. The patient had an uncomplicated postoperative 
clinical course until her second operation. 

On January 30, 1979, split thickness skin grafts were 
applied to the scalp wound under enflurane anesthesia. The 
operation lasted 35 minutes and the patient tolerated the 
procedure very well; blood loss was negligible and there 
was no hypotension. She received one prophylactic dose of 
cephalothin, 3 g intravenously 5 hours postoperatively. 

Approximately 12 hours after the operation, the patient 
developed high grade fever, chills, generalized urticarial 
rash, nausea, and vomiting. She became restless, confused, 
and developed urinary and fecal incontinence. Physical 
examination revealed a toxic appearing woman with tem- 
perature of 40 C rectally, blood pressure of 130/70 mm Hg, 
pulse rate of 120/min, and respiratory rate of 20/min. There 
was no evidence of wound infection in the area of the skin 
graft. The skin showed generalized urticarial rash and no 
icterus. Auscultation of the heart revealed midsystolic click 
and grade II short systolic murmur at the apex. The liver 
and spleen were not palpable and the remainder of the 
examination was within normal limits. 

After the onset of fever, in spite of the absence of obvious 
wound infection, cefamandole, 2 g, was given intravenously 
and after two doses this was replaced by tetracycline, 250 
mg three times a day orally. The tetracycline was discontin- 
ued after three doses when there was no change in her 
febrile course. Her fever persisted for 3 days but sponta- 
neously subsided on the 4th postoperative day in the ab- 
sence of antibiotics. 

Pertinent laboratory data obtained immediately after the 
onset of fever revealed a normal hemoglobin and hematocrit 
and a white blood cell count of 13,000 with 8696 polymor- 
phonuclear cells, 12% band cells, and 2% lymphocytes. Two 
days later, the white blood count was 11,500 with 6896 
polymorphonuclear cells, 18% band cells, 3% eosinophils, 
6% lymphocytes, and 5% monocytes. At the same time (2 
days after the second operation) total serum bilirubin in- 
creased to 2.6 mg/100 ml (direct 1.3 mg), serum glutamic 
oxaloacetic transaminase (SGOT) was 84 units (normal, 8 
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FiG 1. Needle biopsy of the liver 10 days after enflurane an- 
esthesia, showing patchy areas of hepatocellular necrosis with 


to 30 units), serum glutamic pyruvic transaminase (SGPT) 
was 73 units (normal, 5 to 35 IU), alkaline phosphatase was 
215 IU (normal, 45 to 110 IU), and gamma glutamy] trans- 
peptidase (GGTP) was 391 IU (normal, 15 to 85 IU). Pro- 
thrombin and partial thromboplastin times were normal. 
Multiple blood and urine cultures were negative. Tests for 
serum hepatitis B surface antigen (HB,Ag), antimitochon- 
drial antibody, smooth muscle antibody, and antinuclear 
antibody were negative. Ultrasonography of the liver, gall- 
bladder, and pancreas revealed no abnormalities. 
Percutaneous liver biopsy 10 days after the second op- 
eration revealed patchy areas of hepatocellular necrosis 
mainly in the midzone and periphery of the lobule with 
predominantly mononuclear cell infiltrations (Fig 1). Aci- 
dophilic bodies were present (Fig 2) and increased number 
of eosinophils ín the portal tract were noted (Fig: 3). No 
viral-type inclusions were identified and the hepatocytes 
had no ground glass appearance to indicate HB,Ag hepatitis. 
Liver function tests at the time of biopsy showed'a total 
bilirubin of 0.996, SGOT of 265 units, SGPT of 300 units, 
and alkaline phosphatase of 368 IU. The patient was dis- 
charged 3% weeks after admission clinically improved but 
with persistently elevated SGOT of 165 units, SGPT of 300 





increased infiltration of mostly mononuclear cells. Hematoxylin 
and eosin; x16. 


units, and alkaline phosphatase of 291 IU. Levels of these 
liver enzymes gradually returned to normal 4 weeks after 
discharge. i 


Discussion 


This case of hepatitis may represent hypersensitiv- 
ity to enflurane. The history of bronchial asthma and 
the sudden appearance of unexplained fever, gener- 
alized urticarial rash, nausea and vomiting within 12 
hours following the second exposure to enflurane 
anesthesia with subsequent elevation of liver en- 
zymes, and the associated patchy hepatocellular ne- 
crosis with increased number of eosinophils in the 
portal tracts suggest this relationship. Furthermore, 
the heightened sensitization to enflurane may have 
been influenced by the prolonged use of chlorpheni- 
ramine maleate for control of the patient’s asthma. 
This drug has been reported to cause induction of 
hepatic microsomal enzyme systems which has been 
suggested as being associated with increased hepato- 
toxicity of halogenated hydrocarbons’. Indeed, this 
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Fig 2. Higher magnification of an area of necrosis with acidophilic body showing pyknotic nucleus (arrow) Hematoxylin and eosin; 


x100. 


relationship was suggested by Reynolds et al,” in their 
report of one patient who had been receiving pheno- 
barbital and diphenylhydantoin and who developed 
fulminant massive hepatic necrosis following flurox- 
ene anesthesia. However, Greene” failed to demon- 
strate an increase in halothane-induced hepatitis in 
117 patients who were receiving phenobarbital at the 
time of repeated exposure to halothane. Thus, his 
study suggested that under clinical conditions hepatic 
microsomal enzyme induction in man may bear no 
relation to hepatotoxicity of halógenated anesthetics. 

The absence of either hypotension during surgery, 
or hypoxia or hepatitis B antigen in serum, and the 
fact that no blood products were administered ex- 
cluded these factors as possible causes of hepatic 
injury. There was no evidence of sepsis as the scalp 
wound was not infected; multiple blood and urine 
cultures were negative and the patient's febrile course 
spontaneously resolved in the absence of significant 
antibiotic coverage. 

It is unlikely that the hypersensitivity reactions 
manifested in this patient were due to cephalothin. 
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The patient did not have an adverse reaction to either 
the cephalothin administered 7 years ago following 
her appendectomy or the cephalothin administered 
after the first operation during the present admission. 
In addition, no adverse effects were noted when cef- 
amandole was given after she became febrile follow- 
ing the second operation. Sanders et al!! reported that 
the serum sickness-like reactions to cephalothin are 
related to the administration of large doses of the 
drug by rapid intravenous infusion for a prolonged 
period. This was not the case in our patient. Although 
rare instances of transitory elevation of serum levels 
of transaminases have been reported after cephalo- 
sporins, hepatic injury is not a significant complica- 
tion of this group of antibiotics." 

We did not rechallenge the patient with enflurane 
postoperatively to prove whether her hepatitis was in 
fact related to the enflurane. The severity of her 
symptoms, the prolonged recovery from hepatitis, 
and the possibility of precipitating severe hepatic 
damage led us to believe such a diagnostic test was 
not in order. 
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Fig 3. Portal tract showing edema and increased number of eosinophils (arrows) and increased mononuclear cell infiltration. 
Hematoxylin and eosin; x 100. | 
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A Serious Anesthetic 
Hazard during | 
Orthognathic Surgery 


Lennart Fagraeus, MD, PhD,* 
John C. Angelillo, DDS, MD,t and 
Edward A. Dolan, DDSt 


Oral surgical procedures for the correction of max- 
illomandibular deformities present unique anesthetic 
problems, which, though reported in oral surgical 
journals,’* have not received sufficient attention in 
the anesthesiology literature. One of these unique 
problems relates to the fact that this type of surgery 
requires the extensive use of pneumatic saws and 
drills. The close proximity of the osteotomy sites to 
the airway, especially in maxillary surgery, presents 
the possibility that an endotracheal tube may be 
inadvertently damaged by the cutting instruments. 

The purpose of this paper is to apprise anesthe- 
siologists of this potential hazard by presenting an 
unusual case in which both nasotracheal and pilot 
tubes were cut in the nasopharynx during maxillary 
segmental osteotomy. 


Case Report 


A healthy 35-year-old woman was admitted to the oral 
surgery service for correction of bimaxillary protrusion by 
maxillary and mandibular anterior segmental osteotomies. 

General anesthesia was induced with sodium thiopental 
followed by topical tracheal instillation of lidocaine and 
succinylcholine chloride intravenously. Nasal intubation 
with a 7-mm endotracheal tube was performed without 
difficulty under direct vision. Anesthesia was maintained 
with nitrous oxide, oxygen, and incremental doses of fen- 
tanyl and pancuronium bromide. 

One hour and 15 minutes after the start of surgery, it 
was noticed that the ventilator bellows suddenly collapsed 
as if the breathing circuit had suddenly become discon- 
nected. Examination of the system did not reveal any me- 
chanical malfunction. Manual ventilation was unsuccessful, 
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and only after gas flows had been significantly increased 
could an effective tidal volume be obtained. Simultaneously 
the surgeons noted gas bubbling through the blood in the 
operating field apparently coming from the nasopharynx. 
The leak was sealed with throat packs and this maneuver 
provided a sufficiently tight airway, but when the nasotra- 
cheal tube was subsequently suctioned, a small amount of 
bright red blood was obtained. At this point, the maxilla 
was down-fractured and the portion of the endotracheal 
tube in the nasal cavity could be seen. It was obvious that 
the tube had been severely damaged. Because of the risk of 
aspiration of blood and also because it was anticipated that 
the procedure would require several more hours of anes- 
thesia, it was decided to remove the damaged tube and 
reintubate the patient. The patient was ventilated with 10096 
Os», the mouth and pharynx were suctioned, and the cuff 
deflated. Extubation proved, however, somewhat difficult. 
Closer examination of the nasotracheal tube revealed that 
it had been almost completely severed and that the pilot 
tube had melted and its lumen had become occluded so that 
the cuff remained inflated (Figs 1 and 2). Subsequent nasal 
reintubation was performed without difficulty. 

The surgical drapes, which had been previously removed 
during the reintubation, were replaced and the procedure 
was completed uneventfully. At the end of the operation 
the patient was taken to the recovery room awake with the 
endotracheal tube in place since suctioning of the nasotra- 
cheal tube yielded a moderate amount of clotted blood. 
Vital signs remained stable but auscultation of the chest 
revealed scattered coarse rales throughout both lung fields 
which disappeared over the next few hours. An x-ray of the 
chest showed no infiltrate or atelectasis. The patient was 
extubated without difficulty the same evening. 


Discussion 


Maxillofacial surgical procedures for correction of 
deformities are almost exclusively performed under 
general anesthesia, usually with nasotracheal instead 
of orotracheal intubation."" Despite the anesthetic 
problems associated with this type of surgery there is 
remarkably little on the subject in the anesthetic 
literature. Indeed, only one case report dealing with 
anesthetic complications has ‘been published in an 
anesthesia journal?; in this case a nasotracheal tube 
was transfixed by a Kirschner wire. 

While it is imperative that the anesthesiologist pro- 
vide a secure and uninterrupted airway both during 
surgery and during recovery from anesthesia, minimal 
infringement of the surgical field is also essential. In 
addition to this competition for the airway, the nature 
of the surgical procedures requires that bone cuts be 
made adjacent to the endotracheal tube on both its 
medial and lateral sides (Figs 3 and 4). The proximity 
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Fig 1. Endotracheal tube with incision made by the cutting 
instrument. Note the severed pilot tube and the still inflated cuff. 
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FIG 2. Close view of the almost completely transected endotra- 
cheal tube and the occluded pilot tube. 


of the endotracheal tube to the osteotomy sites in a 
restricted area creates a situation in which accidental 
damage to the endotracheal tube can easily occur. 
Seven cases with complications similar to ours have 
been reported in the oral surgery literature." ? In three 
of these cases, both nasotracheal and pilot tubes were 
severed; in three, only the pilot tube was cut; in one, 
the esophageal stethoscope was cut. In all cases the 
anesthetic equipment was damaged adjacent to an 
osteotomy site and the cutting instrument was di- 
rected posteriorly either on the lateral wall or in the 
floor of the nasal cavity (Figs 3 and 4). 

Once the endotracheal tube or the pilot tube has 
been damaged either the patient must promptly be 
reintubated or an acceptable airway must be estab- 
lished by sealing around the nasotracheal tube with 
throat packs. While the decision may be one of 
personal judgment and related to experience, several 
factors need to be considered. 





-— ‘ 
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Fig 3. View of lateral maxillary osteotomy (black line) demon- 
strating the close proximity between cutting instrument and 
nasotracheal tube. 


The extent of damage to the tube, the amount of 
surgery yet to be completed, and the circumstances 
of the surgical field need to be evaluated. Sealing the 
tube with throat packs may be appropriate if the leak 
is small and easy to localize, or if the procedure is 
near its end. However, inspection of the damage may 
be impossible since the tube may have been cut deep 
in the nasopharynx and the site of the leak may not 
be readily apparent. In such a situation sealing around 
the tube with throat packs mav be difficult if not 
impossible. On the other hand, the surgical procedure 
cannot be terminated since the maxilla may already 
be divided and "floating," a situation which might 
make reintubatión extremely difficult. If nasal rein- 
tubation is difficult or not possible, an orotracheal 
tube can be inserted and either left in place for the 
remainder of the surgical procedure and recovery 
period or later removed when nasal intubation is 
possible. If orotracheal intubation cannot be per- 
formed, emergency measures must be considered, 
e.g., insufflating 10096 Os through a large bore cannula 
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FiG 4. Medial aspect of same osteotomy (black line) as in Fig 
3. Note proximity of the osteotomy both below and behind the 
translucent nasotracheal tube. 


inserted through the cricothyroid membrane and/or 
tracheostomy. 

In our case reintubation was necessary because the 
incident took place in the early stages of the procedure 
and because blood was seeping into the severed na- 
sotracheal tube. Extubation was difficult partly be- 
cause the cutting had severed all but a tenuous bridge 
of the tube wall (Fig 1). In addition, when the pilot 
tube was closely examined, it was obvious that the 
heat from the drill had melted and divided it (Fig 2), 
thereby occluding both distal and proximal parts lead- 
ing to the surprise finding of an undeflated cuff upon 
extubation. Several reports have been presented re- 
garding the inability to deflate cuffed endotracheal 
tubes, a complication that is apparent and easily 
recognized in all cases of orotracheal intubation.?? 
With an orotracheal tube resistance to withdrawal is 
more unusual and hence more obvious than with a 
nasotracheal tube with which resistance is often sig- 
nificant because of the narrow passages in the nasal 
cavity. Fortunately our patient did not have hoarse- 
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ness, sore throat, or nasal complications after the 
incident; her convalescence was uneventful. 
Following damage to the nasotracheal or pilot tube, 
aspiration of blood, secretions, foreign particles, or 
bone spicules greatly increase the possibility of ate- 
lectasis and pneumonitis. To decrease the risk of 
aspiration following a leak in the sealed airway the 
patient should immediately be placed in a moderate 
Trendelenburg position (30?), thus reversing gravita- 
tional influence and invasion of the trachea by blood 


. and secretions. To reduce the risk of aspiration it 


would seem prudent to perform these oral surgery 
procedures in a slight head-down tilt position (5 to 
15°) and to utilize pharyngeal packs as suggested by 
Love. Further support for use of the slight head- 
down position and packs during this type of surgery 
can be found in studies showing that even properly 
inflated endotracheal cuffs do not protect against 
aspiration." ^ Finally, if aspiration is suspected or 
cannot be ruled out, repeated auscultation and chest 
x-rays are mandatory in the immediate postoperative 
period. 

Several instruments have been designed to protect 
endotracheal tubes from being damaged during or- 
thognathic surgical procedures.^^ Stainless steel 
guards fashioned from spatulas, malleable retractors, 
or metallic tube protectors have been found to work 
very well. 

During orthognathic surgical procedures protection 
and maintenance of the airway is the responsibility of 
both the surgeon and the anesthesiologist. The oral 
surgeon must be constantly aware of the spatial rela- 
tionships of his instruments so as to avoid interrup- 
tion of the airway. The anesthesiologist must be pre- 
pared to act with speed and determination to reestab- 
lish a satisfactory airway should it become impaired. 
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Streptokinase in Acute Myocardial Infarction 


In a controlled trial of streptokinase in acute myocardial infarction, 512 of 2338 patients at 11 
European centers were stratified according to clinical severity. Three hundred fifteen patients allocated 
to medium-risk and high-risk groups were randomized to a 24-hour infusion of streptokinase or 
glucose. There were no essential differences in the severity of illness in the two groups before 
infusion. The overall mortality rates within 6 months were significantly lower ( p < 0.01) in the 
streptokinase group (15.6%) than in the control group (30.6%). Bleeding complications were more 
frequent in the streptokinase group, but except for two nonfatal cerebral hemorrhages these compli- 
cations were clinically unimportant. The treatment was generally well tolerated. It is concluded that 
streptokinase given under the conditions of this trial, to medium-risk patients admitted to a coronary- 
care unit within 12 hours of onset of symptoms, reduced mortality at 6 months. (European Cooperative 
Study Group for Streptokinase Treatment in Acute Myocardial Infarction: Streptokinase in acute 
myocardial infarction. N Engl J Med 301:797-802, 1979) 

See Also— Sullivan JM: Editorial. Streptokinase and myocardial infarction. N Eng! J Med 301:836- 
837, 1979. 
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Dangerous Rise in 
Pulmonary Wedge 
Pressure following 
Aortography in a 
Patient with a 
Pheochromocytoma 


J. J. Rouby, MD, G. Gory, MD, 
T. Gaveau, MD, P. Glaser, MD, and 
P. Viars, MD 


Many authors have reported the high incidence of 
hyertensive crises following translumbar aortography 
for localization of pheochromocytomas."? In 1968, 
Rossi et al, after a survey of 99 cases, suggested that 
the preoperative control of blood pressure with phe- 
noxybenzamine and the use of a femoral catheteriza- 


tion technique courd minimize the hazards of the: 


procedure. We report a patient with a pheochromo- 
cytoma in whom a dramatic increase in the pulmonary 
wedge pressure occurred immediately following fem- 
oral aortography in spite of pharmacologic prepara- 
tion with phenoxybenzamine. 


Case Report 


A 32-year-old housewife suffered from occasional pal- 
pitations, throbbing headaches, and anxiety during her 
second pregnancy. At the 22nd week, her blood pressure 
varied from 150/100 to 250/130 mm Hg. There was no 
albumin in her urine; an electrocardiogram showed left 
ventricular strain and funduscopic examination revealed 
papilledema and a marked bilateral arteriolar narrowing. 
As the patient failed to respond to antihypertensive therapy, 
a pheochromocytoma was suspected and later confirmed by 
elevated urinary levels of normetanephrine, 13 mg/24 hours 
(normal, «4 mg/24 hours). At 33 weeks a live baby was 
vaginally delivered after an induced labor. On this occasion, 
her blood pressure rose to 250/150 mm Hg and the patient 

* was successfully treated with sodium nitroprusside. 

She was admitted tc the hospital several weeks later for 
surgical excision of the pheochromocytoma. Her general 
condition was unchanged and the paroxysmal symptoms 
had remained the same. The red blood cell volume, meas- 
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ured by the standard dilution technique using ?!Cr-labeled 
autologous red cells, was in the normal range (24 ml/kg). 
So, too, was the plasma volume (43 ml/kg) calculated from 
the red blood cell volume and the arterial hematocrit. 
During the 10 days preceding the operation, blood pressure 
was controlled with oral phenoxybenzamine (1 mg/kg). In 
the immediate preoperative period femoral angiography 
was undertaken to localize the tumor. This was performed 
under deep neuroleptanalgesia (Table) and included aortog- 
raphy (55 ml of 65% angiografine injected with a power 
syringe at a pressure of 6 kg/cm’ and a speed of 1.5 
seconds), followed 25 minutes later by selective arteriog- 
raphy (5 ml of 65% angiografine manually injected). An 
arterial cannula and a Swan-Ganz thermistor catheter had 
been inserted after induction of anesthesia. Heart rate, 
systolic, diastolic, and mean arterial and pulmonary wedge 
pressures were recorded on a Thompson multi-channeled 
monitor with a Statham P23 transducer. Cardiac output was 
measured in triplicate by the thermodilution technique 
using an Edwards apparatus (no. 9500) after injections into 
the right atrium of 10 ml of a 2.5% glucose solution at 0 C. 
The following were calculated: 


(CI L/min X m?) 2 CO/body area 
-. (TVR units/m?) = (MAP — CVP)/CI 


(LSWI g/m?) = 125% (MAP — PWP) x CI 
HR 

where CI = cardiac index; CO = cardiac output; TVR 
= total vascular resistance; MAP = mean arterial 
pressure; CVP = central venous pressure; L5WI] = 
left stroke work index; PWP: pulmonary wedge pres- 
sure; and HR = heart rate. These data were recorded 
before the procedure (control, C) 2 and 15 minutes 
after aortography (A), and 2 and 15 minutes after 
selective arteriography (SA). 

As shown in Fig 1, arterial hypertension and slow- 
ing of the heart rate occurred after both the aortog- 
raphy and the selective arteriography. Arterial pres- 
sure remained elevated after the arteriography (205/ 
100 mm Hg) and was lowered with a 1 ug/kg/min 
infusion of sodium nitroprusside. While the pressor 
response related to the aortography was due to a 
moderate increase in TVR (from 27 to 31 units/m?) 
associated with an increase in CI (from 3.8 to 4.91/ 
min X m?) marked elevation of TVR (from 33 to 43 
units/m^) was largely responsible for the arterial hy- 
pertension following the selective arteriography (Fig. 
2). 
As shown in Fig 3, LSWI increased after both 
aortography and arteriography (95 g/m’). A dramatic 
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TABLE 
Anesthetic Technique Used for Angiography* 


Premedication 


4 


Droperidol 20 mg IM 
Phenoperidine 1 mg IV. 
Induction (duration, 30 minutes) 
Droperidol 20 mg IV 
Phenoperidine 5 mg IV. 
Diazepam 10 mg IV 
Nasotracheal intubation 
Topical anesthetization of the pharynx 
and the larynx with 5% lidocaine (du- 
ration 10 minutes) preceding nasotra- 
cheal intubation. 
Maintenance of anesthesia N 
Droperidol 15 mg IV 
Phenoperidine 3 mg IV 
Diazepam 10 mg IV 
Pancuronium 6 mg IV 


6096 N20O/4096 Oz 
Mechanical ventilation 


* Patient's weight = 55 kg; duration of anesthesia = 120 
minutes. 


SAP-DAP-MAP (mmHg) HR (beats min) 
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FiG 1. Systolic, diastolic, and mean arterial pressures (SAP, 
DAP, MAP, respectively) and heart rate (HR) before injection of 
contrast material (CO), 2 and 15 minutes after aortography (A), 
and 2 anc 25 minutes after selective arteriography (SA) (top of 
stippled rectangle, SAP; bottom, DAP; horizontal line in rectan- 
gle, MAP). 


increase in PWP from 7 to 25 mm Hg occurred during 
the 2 minutes following the aortic injection. The PWP 
spontaneously returned to 13 mm Hg in the next 15 
minutes, remained stable immediately after the selec- 
tive arteriography, and then decreased to 8 mm Hg 
25 minutes later. Selective arteriography showed the 
tumor to be in the lower pole of the left kidney. The 
tumor (140 g) was removed through a left flank 
incision 1 hour after the x-ray procedures. During 
surgical manipulations, the blood pressure was con- 
trolled with sodium nitroprusside with monitoring of 
pulmonary wedge pressure and cardiac output to 
assure optimal volume loading. The patient had an 
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Fie 3. Pulmonary wedge pressure (PWP) and left stroke work 
index (LSWI) before injection of contrast material (C), 2 and 15 
minutes after aortography (A), and 2 and 25 minutes after 
selective arteriography (SA). 


uncomplicated recovery and has remained well with 
blood pressure in the normal range. 


Discussion 


Arterial hypotension and peripheral vascular dila- 
tion are usually observed after high-pressure injection 
of contrast media in the aortic root? In this patient 
arterial hypertension with elevation of the cardiac 
index and total vascular resistance followed the two 
angiographic injections. This suggests that the radio- 
paque material may have stimulated an outpouring of 
large amounts of pressor substances into the general 
circulation. 

The cardiac effects of this pressor response were 
different after the injections of contrast material into 
the aorta and into the arteries. Pulmonary wedge 
pressure increased to a level known to be associated 
with onset of pulmonary edema when the contrast 
material was injected into the aorta but not when a 
smaller dose was used for the selective arteriography. 
The dangerous rise in pulmonary wedge pressure 
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after the aortography may be related to a transient 
alteration in cardiac performance, possibly resulting 
from a direct myocardial toxic effect due to the pres- 
ence of large amounts of contrast material.° 

In conclusion, preoperative arteriographic localiza- 
tion of a pheochromocytoma can be hazardous despite 
use of a femoral approach, adequate preparation with 
phenoxybenzamine, and a sufficient depth of anes- 
thesia. Pulmonary edema can occur during the aortic 
root injection if a transient myocardial depression is 
associated with hypertensive crisis. When such a pro- 
cedure must be undertaken to localize a pheochro- 
mocytoma use of vasodilating drugs may be indicated 
during the 15 minutes following the injection of con- 
trast material, especially when large amounts are used. 
Brief infusion of sodium nitroprusside is probably the 
method of choice or producing vasodilation because 
it is effective, rapid in onset, and short in duration.’ 
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Postoperative Ulnar Neuropathy 


Although compressive ulnar neuropathy developing during surgical procedures under general 
anesthesia has been recognized, clinical and electrophysiologic features of this neuropathy have been 
incompletely described. This report describes the course of eight patients with this complication, 
mainly following intra-abdominal or intrathoracic operations. Neuropathy was associated with a 
persistent severe deficit during a mean follow-up of 23.5 months (range, 6 to 96 months) after 
operation. Electrophysiologic studies verified substantial Wallerian degeneration in the majority of 
patients. Clinical and electrophysiological data, as well as intraoperative findings in some patients, 
suggest that compression occurred at the cubital tunnel. These patients with ulnar neuropathy had a 
particularly poor prognosis, whether treated surgically (decompression or transposition) or medically. 
Prevention of ulnar nerve compression during surgery therefore assumes paramount importance. 
(Miller RG, Camp PE: Postoperative ulnar neuropathy. JAMA 242:1636-1639, 1979) 
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Pruritis following Spinal 
Anesthesia 


David W. Koski, MD,* and 
John G. Fraser, MDT 


Diabetic peripheral neuropathy is a frequent com- 
plication of diabetes mellitus. The neuropathy is not 
necessarily proportional to the duration or severity of 
the disease.’ The following case report deals with the 
temporary exacerbation of neuropathic symptoms 
after spinal anesthesia. 


Case Report 


A 37-year-old man was admitted for treatment of a 
diabetic ulcer over the third and fourth metatarsal-phalan- 
geal joints of his right foot. He gave an 11-year history of 
diabetes mellitus and was well controlled on 20 units of 
NPH insulin daily and a 2200-calorie (A.D.A.) diet. Because 
of his poor response to local treatment and antibiotics, the 
patient was scheduled for a ray amputation of the third toe. 
During the preanesthetic evaluation, the patient stated that 
he had had an “allergic reaction to Xylocaine" 2 months 
previously. The record of the patient’s previous hospitali- 
zation showed that he had received a field block with 
lidocaine for debridement of the same foot ulcer and this 
had been followed by intense itching at the operative site. 
Skin changes were not noted, the reaction was not treated, 
and the itching subsided spontaneously after 3 hours. In the 
past, the patient had local anesthetics for dental restoration 
without incident. 

On the day of operation, the patient received preopera- 


tive sedation consisting of secobarbital (150 mg) and mor- ’ 


phine sulfate (10 mg) intramuscularly. In the operating 
room, the patient was placed in the left lateral decubitus 
position and the skin was prepared for spinal anesthesia 
with Betadine solution. Skin anesthesia over the L3-L4 
interspace was produced with 0.5 ml of 196 procaine. A 
satisfactory dural tap was performed with a 22-gauge dia- 
mond point spinal needle. Eleven milligrams of tetracaine 
with 1.1 m] of 1096 dextrose was then injected, with a 
prompt onset of anesthesia and a sensory blockade to the 
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level of the tenth thoracic dermatone. The limited foot 
amputation proceeded without incident, and the patient was 
transferred to the recovery room. His vital signs were stable. 
Approximately 60 minutes after adrnission to the recovery 
room, he began to complain of intense itching in a stocking 
distribution of both feet with some patchy extensions to- 
ward his knees. No skin changes were visible. When the 
patient's discomfort became so great that he required phys- 
ical restraint to keep him from excoriating his feet, heewas 
given diphenhydramine, 50 mg IM, which was without 
effect. Diazepam, 7.5 mg IV, was necessary to sedate him 
and thereby control his agitation. The itching subsided 
gradually over the subsequent 6 hours. 

On further questioning, the patient admitted to similar 
but mild episodes of itching and burning in the same 
distribution while at home. These had occurred several 
times in the previous 6 months and lasted approximately 
30 minutes. The patient had not sought treatment for these 
sensations. Physical examination revealed all lower extrem- 
ity pulses to be symmetrical and strong. Achilles tendon 
reflexes were symmetrically diminished but present. Tem- 
perature sensation was normal on the left but decreased on 
the right. Perception of pain was intact but proprioception 
and vibratory sensation were diminished bilaterally. 

Electromyography and nerve conduction studies on the 
third postoperative day showed moderately severe to severe 
sensory motor polyneuropathy due to segmental demyelin- 
ation. These changes were thought to be secondary to the 
patient’s diabetes mellitus. 


Discussion 


. True allergic reactions to local anesthetics are rare,” 
yet the anesthesiologist is commonly presented with 
patients who claim to be allergic to these drugs. 
Hypersensitivity, overdose, and intravascular injec- 
tion are responsible for many supposed allergic re- 
actions.” We did not feel that this patient represented 
any of these categories and rejected the intradermal 
skin test to evaluate him further because of its re- 
ported lack of specific and clinically relevant infor- 
mation.® 

Symmetric diabetic polyneuropathy is the most 
frequently seen diabetic neuropathy.* Common signs 
include loss of Achilles tendon reflexes and dimin- 
ished or lost perception of pain, proprioception, vi- 
bration, and light touch. Symptoms can occur at any 
time during the progression of the disease and gen- 
erally last 3 to 6 months. These can include pain, 
hypesthesia, and paresthesia. The neuropathy appears 
to result from metabolic damage to Schwann cells and 
the myelin sheath. The neuropathy is not related to 
the severity of carbohydrate intolerance and can oc- 
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cur, even before carbohydrate intolerance is clinically 
apparent. 

This case demonstrates that severe and unusual 
symptoms may result during the return to full sen- 
sation following spinal anesthesia in a diabetic patient 
with peripheral neuropathy. Mild paresthesias are 
normally common during the return to full sensation. 
Because of his neuropathy, the patient may have 
perceived the paresthesias as extremely irritating itch- 
ing? This premise is consistent with the concept that 
pruritus and formication result from minimal repeti- 
tive stimuli transmitted over pain pathways.? After 
spinal anesthesia in diabetic patients with neuropathy, 
these stimuli may cause pruritus which may be con- 


fused with an allergy. Nerve conduction studies may 
assist in identifying the pathogenesis. 
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Intra-aortic Balloon Pump 


The treatment of 63 of 1,738 adult patients undergoing cardiac operations included insertion of an 
intra-aortic balloon pump (IABP). The clinical information available for the total group was analyzed 
retrospectively to reevaluate the indications for the IABP during cardiac surgery and to assess its 
hemodynamic effects. The incidence of use of the IABP decreased from 6.13% of cases at the first of 
the series (early 1976) to 1.73% of cases in late 1977. One third of the IABP insertions were before 
cardiopulmonary bypass, two thirds after bypass. Pre-bypass indications included complicated acute 
myocardial infarction, poor left ventricular function or shock, and combined coronary and valvular 
heart disease. Of 21 patients 17 (81%) survived. Post-bypass IABP insertion was indicated by a 
profound low cardiac output state, after maximum pharmacologic inotropic therapy. Of the 42 
patients 26 (62%) survived. Detailed hemodynamic measurements were made in 11 patients. The IABP 
decreased systolic blood pressure, left and right ventricular filling pressures, and peripheral resistance, 
while it increased diastolic and mean arterial pressures, stroke work, cardiac output, and the 
endocardial viability ratio. The intra-aortic balloon was shown to be life-saving in certain patients. 
However it should only be used selectively for specific indications. Careful surgical and anesthetic 
management with good monitoring can be used in many patients instead of the balloon. (Kaplan JA, 
Craver JM, Jones EL: The role of the intra-aortic balloon in cardiac anesthesia and surgery. Am Heart 


J 98:580—586, 1979) 
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Hydromediastinum after 
Placement of a mE 
Thermodilution 


Pulmonary Arterial 
Catheter 


Elaine P. Gordon, MD,* 
Stuart F. Quan, MD,T and 
Richard M. Schlobohm, MD 


Flow-directed pulmonary artery catheters are used 
to monitor the hemodynamic status of critically ill 
patients."? Although morbidity has been minimal,” * 
complications have included arrhythmias and con- 
duction disturbances, knotting of the catheter, rupture 
of the pulmonary artery, pulmonary infarction, ve- 
nous thrombosis, and infection.” This report de- 
scribes an unusual complication of using such a cath- 
eter. 


Case Report 


A 25-year-old Oriental woman was transferred to the 
intensive care unit of San Francisco General Hospital fol- 
lowing labor and delivery complicated by premature rup- 
ture of the membranes, chorioamniotis, and postpartum 
hemorrhage. Physical examination in the intensive care unit 
revealed a pale woman with a small body habitus (height: 
148 cm; pregravid weight: 40 kg). Respirations were 40/ 


min, apical pulse was 150/min, and blood pressure was not 


obtainable by sphygmomanometry. Central pulses were 
barely palpable, and the extremities were poorly perfused. 

The patient was felt to be in profound shock as a result 
of sepsis and postpartum hemorrhage. To optimize volume 
replacement, a #7F thermodilution flow-directed pulmo- 
nary arterial catheter (5wan-Ganz, Edwards Laboratories; 
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Santa Ana, California) was inserted without difficulty using 
the central approach to the right internal jugular vein which 
results in the catheter traversing the skin just above the 
clavicle? A pulmonary artery occlusion pressure (PAOP) 
was obtainec on inflation of the balloon with 1.5 ml of air 
at a depth of 34 cm. A chest x-ray confirmed the catheter 
to be in a good central position. Initial PAOP was 1 to 2 
torr. Central venous pressure (CVP) tracings measured, via 
the proximal port of the catheter showed good respiratory 
fluctuations with an initial value of O to 1 torr. Normal 
saline (300 ml) was administered through the proximal port 
while adequate peripheral intravenous access was being 
established. Thermodilution cardiac output determinations 
using iced 5% dextrose infused through the proximal port 
yielded inccnsistent and exaggerated valves. With each 
injection the patient experienced a cold sensation in the 
right supraclavicular area. Further determinations were 
halted when a slight swelling was noted in this region. A 
second chest x-ray revealed widening of the superior me- 
diastinum (Figure, left) and attempts to aspirate blood 
through the »roximal port were unsuccessful. A third chest 
x-ray taken simultaneously with the injection of 3 ml of 
radiopaque contrast medium (Hypaque) via the proximal 
port revealed extravasation of contrast material into the 
mediastinurr (Figure, right). The catheter was left in place, 
using only tke distal port for hemodynamic measurements, 
and was removed on the 3rd day. The patient subsequently 
made an uneventful recovery. 


Discussion 


With a pulmonary artery catheter PAOP is meas- 
ured via the distal catheter port. The thermodilution 
catheter als has a proximal port located 30 cm from 
the distal ti» which is used for injection of a thermal 
indicator for cardiac output determinations and which 
can be used for CVP measurements as well as for 
infusion of intravenous fluids. In the ordinary adult 
patient, the proximal port of the catheter, when in- 
serted via zhe internal jugular vein, will lie in the 
superior vena cava or right atrium. As a result of a 
small body habitus and a low approach to the internal 
jugular vein, in our patient the proximal port was 
located at least partly outside of the vein. Fluids 
infused through this port were extravasated into sub- 
cutaneous tissue and the mediastinum, which explains 
the exaggerated cardiac output results and the abnor- 
mal chest x- ray findings several hours later. This 
could be a serious complication if irritating or essen- 
tial medications are being infused. 

Approprate pressure tracings from the proximal 
and distal ports and a chest x-ray which demonstrates 
that the catheter is in the pulmonary artery usually 
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FIGURE. Radiographs demonstrating mediastinal widening and 
extravasation of contrast material. Left, widening of the superior 
mediastinum occurring after infusion of fluids via the proximal 


indicate that a pulmonary artery catheter is properly 
positioned. As illustrated in this case, however, when 
using the central approach to the internal jugular vein 
in a patient with a small body habitus, the proximal 
port of the catheter may be extravascular. Extravasa- 
tion of fluid may be avoided if it is verified that blood 
can be aspirated from the proximal port prior to the 
infusion of intravenous fluids. 
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port of the catheter. Right, injection of contrast material via the 
proximal port results in extravasation into the mediastinum (ar- 
row). 
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Microwave 
Rewarming 


To the Editor: 


The application of microwave en- 
ergy for rewarming after neonatal car- 
diac surgery with hypothermia and 
circulatory arrest, as proposed by 
Westenskow et al,’ may eventually 
prove to be clinically useful. Before 
this can happen, however, there will 
have to be a greater understanding of 
both the thermal and nonthermal ef- 
fects of high frequency electromag- 
netic radiation. The current assess- 
ment of the biologic effects of micro- 
waves remains controversial.” In their 
article, Westenskow et al state "On 
the basis of extensive experience with 
the use of microwave heating for di- 
athermv, it is unlikely that microwave 
rewarming as used in the present 
study is associated with tissue dam- 
age." Tais statement is supported by 
a reference published in 1965; this 
reference is nearly 15 years old in a 
field that is rapidly expanding. As 
early as 1967, Soviet scientists recog- 
nized d:rect and indirect central nerv- 
ous sys:em effects with low level mi- 
crowave radiation? as well as non- 
thermal effects on the cardiovascular 
system. As a result of these discov- 
eries, the Soviet Union set its level of 
safe exposure 1000 times lower than 
that of the United States. 

While Westenskow et al state there 
was no evidence of myocardial injury 
on light microscopy, a more sophis- 
ticated and subtle method of detec- 
tion might have employed creatine 
phosphokinase isoenzyme determi- 
nations. There is no assurance either 
that exzended postoperative myocar- 
dial performance would not be af- 
fected. It would have been interesting 
to compare postoperative myocardial 
performance over several days in the 
microwave-treated group with a con- 
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trol population exposed only to con- 
ventional surface heating. The dielec- 
tric properties of tissues affect the 
absorbance of radiofrequency RF) 
energy and consequently the heating 
patterns that develop. In tissues of 
high water content such as muscl2 or 
brain, absorption is high and the 
depth of RF penetration is relatively 
low. By comparison, in tissues of low 
water content, such as fat and bone, 
RF absorption is considerably less. In 
addition, interfaces separating tissues 
of different dielectric properties (high 
and low water content) can procuce 
reflections, or severe standing waves 
of RF power, accompanied by ^hot 
spots" that can be maximum in either 
tissue. In other words, resonance sit- 
uations may occur as a result of spe- 
cial body and structural geome-ries 
and areas of thermal injury may ozcur 
in tissues other than those inter ded 
for rewarming. The confinement of 


microwave radiation can be diff cult . 


and reradiation may occur at unex- 
pected anatomical sites. 

The nonthermal effects of micro- 
wave radiation in biologic systems 
may include" pearl chaining,” waere 
blood elements in suspension in the 
presence of RF electromagnetic rzdia- 
tion may align themselves in chains 
parallel to the lines of force, much 
like iron filings about a magne:. In 
addition, dielectric saturation may oc- 
cur resulting in the breakdown ot hy- 
drogen bonds in cellular proteins and 
enzymatic denaturation. Recent work 
has also demonstrated the injurious 
effects of microwaves on the ocular 
lens! the human embryo,’ and the 
electroencephalogram.? 

We enjoyed reading this pzper; 
however, in view of the immediate 
emphasis placed on the potential zlin- 
ical application of the technique in 
neonates, more attention should be 
afforded to the possible deleterious 
effects of microwaves. À biologically 
immature organism, as the human ne- 
onate is, may be far more susceptible 
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radiation. 
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To the Editor: 


We appreciate the interest and 
comments of Dr. Lee and Mr. 
Schuette in regard to our publication 
on microwave rewarming following 
deep hypothermia to 20 C. There is 
no disagreement that this study rep- 
resents an initial effort in data gath- 
ering for a possible clinical applica- 
tion of microwave energy. Since pub- 
lished reports have been primarily on 
the undesirable effects of whole body 
microwave irradiation, we hoped to 
find that localized irradiation to the 
myocardium for 1 to 2 hours might 
minimize possible side effects of 
chronic whole body microwave ex- 
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posure, while the deep heat stimulates 
the hypothermic heart and warms the 
blood that circulates through the 
chambers. 

In another phase of study we have 
not been able to demonstrate changes 
in blood chemistry and clotting times 
immediately following microwave re- 
warming. The creatne phosphoki- 
nase (CPK) isoenzymes could indeed 
provide a more subtle method of de- 
tecting myocardial damage. Prelimi- 
nary studies in dogs show an increase 
in total CPK following hypothermia 
and rewarming, but insignificant 
change in the MB (heart muscle CPK) 
fractions between the hypothermic 
and normothermic imicrowave re- 
warmed) animals. Long-term physio- 
logic effects following localized mi- 
crowave irradiation are another phase 
of study for the near zuture. 

As in any institution where clinical 
research protocol in man must con- 
form to the highest ethical and sci- 
entific standards, many biologic ques- 
tions will need to be answered before 
this technique is atternpted in man. 


Dwayne R. Westenskow, PhD 
Assistant Professor 


K. C. Wong, MD, PhD 
Professor and Chairman 
Department of Anesthesiology 
University of Utah 

College of Medicine 
50 North Medical Drive 
Salt Lake City, Utah 84132 


Hazards of 
Scavenging Systems 


To the Editor: 


A series of clinical reports has re- 
cently appeared which highlights the 
. importance of the negative pressure 
relief mechanism of waste anesthetic 
gas scavenging safety interfaces. A 
negative pressure relief mechanism is 
needed if the scavenging system is 
connected to a vacuum or active duct 
system. If the flow of vacuum exceeds 
the flow of waste gases leaving the 
anesthesia circuit, then the negative 
pressure relief mecharism should ac- 
tivate to entrain room air, thereby 
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satisfying the vacuum flow and pro- 
tecting the patient from withdrawal of 
anesthetic circuit gases. Some safety 
interfaces are "open" to the room and 
valveless so that air is easily entrained 
when vacuum flow exceeds waste gas 
flow. Unfortunately, if the waste gas 
flow exceeds the capacity of the suc- 
tion to remove them, the waste gases 
spill out the opening, into the room, 
creating gas pollution. Because of the 
periodic nature (expiratory phase) of 
waste gas overflow, most “open” in- 
terfaces do not adequately protect 
personnel from pollution hazards. 

The most common design emerg- 
ing is the "closed" interface, which 
captures the waste gases, usually 
within a reservoir bag, until the vac- 
uum flow can adequately remove 
them. Being a closed design unidirec- 
tional valves that allow the entrain- 
ment of room air must be provided so 
that the patient's lungs will not be 
subjected to negative pressure when 
the vacuum flow and the waste gas 
flow are not balanced. A common 
hazard reported with the North 
American Drager and Foregger de- 
vices has been the malfunction of the 
negative pressure relief (pop-in) 
valve. In one instance the valve disc 
stuck in the closed position.! In the 
other report, the pop-in valve became 
covered and thus closed by a plastic 
bag so that gases could not be en- 
trained.” In both instances, patients’ 
lungs were subjected to negative pres- 
sure. 


As a solution the authors of one. 


article suggested the placement of ad- 
ditional air entry holes in the valve 
housing to protect against foreign 
matter closing the single intake hole. 
Instead, the manufacturer has pro- 
vided a modification kit that will 
“stand-off” material that may occlude 
the single intake orifice. 

The solution to all the problems 
reported thus far is a safety interface 
with two negative pressure relief 
valves, one to activate if the other 
fails. Since each valve can be of a 
different type, each can be designed 
to be free of any of the faults inherent 
in the design of the other, i.e., one 
can be a flutter valve, the other a 
spring-loaded disc. 

By incorporating two negative 
pressure relief valves of different de- 
sign features in a closed interface, 
safety and effectiveness can be ob- 


tained, provided the user is vigilant 
and services the equipment. 


Ralph A. Milliken, MD 

Inter-Community Memorial 
Hospital 

Newfane, New York 14108 
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Bradycardia after 
Intravenous Fentanyl 
during Subarachnoid 
Anesthesia 


To the Editor: 


Although heart rate slowing is a 
well known side effect of narcotic 
administration, profound bradycardia 
is unusual. We recently observed 
heart rate slowing from 85 beats/min 
to 32 beats/min following administra- 
tion of 50 ug of fentanyl intravenously 
to a 32-year-old 64 kg woman with a 
stable T5 sensory subarachnoid an- 
esthetic for emergency appendec- 
tomy. This bradycardia was associ- 
ated with a normal appearing P-R 
interval and a fall in blood pressure 
from 115/80 torr to 75/40 torr. Intra- 
venous atropine, 0.8 mg, increased 
the heart rate to 95 beats/min and the 
blood pressure increased to 110/80 
torr. The patient was awake and de- 
nied any dizziness or nausea. 

Possible mechanisms for sinus 
bradycardia observed in this patient 
might include reflex heart rate slow- 
ing from peritoneal traction (celiac 
plexus reflex), cardiac sympathetic 
nerve blockade? and a parasympa- 
thetic effect produced by fentanyl. 

A celiac plexus reflex seems un- 
likely since peritoneal manipulation 
was not occurring at the time of heart 
rate slowing. 

The T5 sensory block was proba- 
bly associated with only a partial 
block of the cardiac sympathetic 
nerves assuming an average sympa- 
thetic block about two dermatomes 
above the sensory level. Indeed the 
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heart rate remained normal even after 
the T5 sensory level had been present 
for several minutes. Furthermore, the 
level of sensory anesthesia had not 
changed at the time of heart rate slow- 
ing. Therefore, it is unlikely that heart 
rate slowing was due to total cardiac 
sympathetic blockade. 

The abrupt onset of bradycardia 
following injection of fentanyl sug- 
gested a drug-induced parasympa- 
thetic effect. Reitan et al? noted a 
fairly abrupt decrease in heart rate 
following intravenous fentanyl in 
dogs and attributed this bradycardia 
to a drug-produced increase in vagal 
efferent impulses from the central 
nervous system. We speculate that 
the T5 sensory level resulted in only 
a partial cardiac sympathetic nerve 
blockade such that the heart rate re- 
mained normal. The subsequent in- 
jection of fentanyl abruptly increased 
the ratio of parasympathetic to sym- 
pathetic tone resulting in sinus brady- 
cardia. 

In conclusion, caution should be 
exercised when administering a va- 
gomimetic drug like fentanyl during 
a high sympathetic block produced 
by subarachnoid anesthesia. 


John C. Hilgenberg, MD 
Assistant Professor 


Walter C. Johantgen, MD 
Anesthesia Resident III 
Department of Anesthesia 
Indiana University School 
of Medicine 
Indianapolis, Indiana 46223 
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Scavenging of 
Anesthetic Gases 


Á To the Editor: 


We would like to comment on the 
editorial by Miller and Cullen? which 
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considered the question of whether 
scavenging is worth the cost. 

In discussing the most recent case 
of near fatality produced by opera- 
tional failure of a scavenger system,’ 
they listed the disadvantages of rou- 
tine scavenging. Among them: (A) 
The high cost of installation of scav- 
enging devices. (B) Scavenging sys- 
tems encourage continued reliance on 
recirculating air conditioning systems 
because of the high energy demands 
of non-recirculating systems. Recir- 
culating air conditioning systems em- 
ploy high-efficiency particulate air fil- 
ters which do not, however, remove 
anesthetic vapors and gases. (C) The 
potential injuries to patients when 
one more device is attached to anes- 
thetic machines as an “afterthought” 
instead of being part of the original 
design. (D) The questionable meth- 
odology used in the various reports 
incriminating the pollution of opera- 
ting rooms by anesthetic gases as a 
possible cause of a putative increased 
incidence of hepatic disease, miscar- 
riages, teratogenicity and cancer 
thought to occur in personnel work- 
ing in this area. 

The fact is that the validity of most 
studies indicating that pollution of 
operating room air by trace concen- 
trations of anesthetics constitutes a 
hazard to operating room personnel 
is open to question. Most of these 
studies have been conducted by mail 
questionnaires with little or no direct 
verification. At the time the editorial 
was written the most objective study 
investigating the incidence of cancer 
or liver disease among anesthetists,” 
in which results were obtained from 
autopsies and death certificates, fails 
to substantiate the theory that the 
incidence of cancer and liver disease 
is greater among anesthetists than 
among other physicians. The paper 
by Ericson and Kaller,* appearing in 
the same issue as the editorial, objec- 
tively investigated the frequency of 
abortion and congenital abnormalities 
in the offspring of 494 women who 
worked in operating rooms during 
their pregnancies. It, too, found no 
difference between the study group 
and a control group. Finally, Lew,’ an 
epidemiology consultant for the 
American Cancer Society, in an ex- 
amination of death certificates of 610 
anesthesiologists who died between 
1954 and 1976 found no indication of 
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an increased rate of deaths due to 
cancer or hepatic or renal disease 
among male anesthetists. 

The exposure limits in the stand- 
ards initially proposed by NIOSH for 
operating room air were 25 ppm for 
N:O and 1 ppm of halothane or en- 
flurane.? There is, however, no con- 
clusive evidence that even 100 ppm 
of N:O or 4 ppm of halothane is 
actually dangerous urider clinical con- 
ditions. What is the rationale for these 
specific limits? 

Perhaps the lack of objective evi- 
dence has been the reason why 
OSHA (the acting branch of the US 
Department of Health, Education, 
and Welfare) has thus far failed to 
implement the standards recom- 
mended by NIOSH more than 2 years 
ago. 

If one is concerned about the op- 
erating room pollution, a viable and 
effective alternative to scavengers is 
use of low flows and closed systems 
for anesthesia. This reduces and 
nearly abolishes operating room pol- 
lution, saves the costs of scavenging 
systems, eliminates the risks associ- 
ated with their use, and avoids the 
need for monitoring anesthetic gases 
and for having the air conditioning 
apparatus changed. Without scaveng- 
ing, nitrous oxide concentrations in- 
haled by operating room personnel 
were shown by Virtue et al’ to be 
below the proposed standards when 
low flow or closed systems were used. 
Low flow techniques are becoming 
more and more popular, but for those 
reluctant to adopt them, the alterna- 
tive is the use of scavengers, with all 
the potential dangers pointed out by 
Miller and Cullen. 


J. Antonio Aldrete, MD 

Robert W. Virtue, MD, PhD 

Department of Anesthesiology 

University of Colorado 
Medical School 

Denver, Colorado 80262 
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Anesthesia for Aortocoronary Bypass Surgery 


Between 1964 and 1978, aortocoronary bypass graft procedures were performed in more than 
300,000 patients. The procedure itself can result in perioperative myocardial infarction. Such infarcts 
have been demonstrated in 7 to 46% of patients by electrocardiographic changes, and use of enzymes, 
while radioactive nucleotide imaging raises the percentage even higher. Greater understanding of and 
constant attention to the myocardial oxygen (Os) supply and demand may reduce the incidence of 
perioperative myocardial infarction. Some of the factors influencing supply and demand can be 
controlled pharmacologically. Drugs such as nitroglycerin, nitroprusside, and propranolol can reduce 
the myocardial O» demand. Unfortunately, there are few data to elucidate the relationship between 
myocardial Os demand and supply as influenced by anesthetic drugs, especially in patients with 
myocardial ischemia. Recent developments in anesthetic management afford better means for 
protection of the ischemic myocardium during and after operation. (Tarhan 5, White RD, Raimundo 
H5: Anesthetic considerations for aortocoronary bypass graft surgery (Review Article). Ann Thorac 
Surg 27:376-389, 1979) 
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Principles and Practice of 
Blood-Gas Analysis, by A. 
P. Adams and C. E. W. 


Hahn, London, Franklin 
Scientific Products, Ltd, 
1979, 95 pp. 


This excellent little book presents 
a lucid account of the basic principles 
of blood gas analysis and their clinical 
interpretation. A clinician’s invest- 
ment of the couple of evenings or a 
weekend required to read this book 
will be well spent. This is especially 
so since the authors have a happy 
knack of explaining, illustrating, and 


giving examples of difficult concepts - 


in an easy to understand and perhaps 
slightly different manner than that 
found in the standard anesthesiology 
textbook chapters on the subject. This 
serves to reinforce the pleasure in 
reading this monograph and increases 
one’s comprehension of the subject 
matter. 

The initial chapters explain the 
physical and chemical laws governing 
gas behavior and explore acid-base 
balance and the physiology of oxygen 
and carbon dioxide, including their 
transport by blood. There follows a 
valuable chapter on the clinical inter- 
pretation of blood gases and acid- 
base problems. The next two chapters 
discuss the working principles of the 
Po,, Pco,, and pH electrodes and the 
quality control that must be used to 
obtain an accurate measurement with 
them. A further chapter analyzes the 
correction factors that should be 
made to account for the patient's tem- 
perature and the time between sam- 
pling and making a measurement. 
Oxygen content and hemoglobin sat- 
uration measurements are then de- 
scribed. The final chapter reviews the 
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current status of in vivo and transcu- 
taneous blood gas analysis. 


Peter A. Southorn, MD 
Assistant Professor of 
Anesthesiology 
Mayo Medical School 
Rochester, MN 


Advances in Pain Re- 
search and Therapy, by J. 
J. Bonica, J. C. Liebes- 
kind, and D. G. Albe-Fes- 
sard, New York, Raven 
Press, 1979, 984 pp, 
$75.00. 


This volume contains the selected 
papers presented at the Second 
World Congress on Pain held in 1978 
in Montreal, Canada. 

In the initial chapter, Professor 
Manfred Zimmerman presents an ex- 
cellent discussion on “Neurophysiol- 
ogy of Nociception.” His lecture was 
exceptionally well received, delivered 
with up-to-date data and theory, and 
organized in the best association be- 
tween basic research and clinical 
problems. 

Later chapters discuss the topics: 
Pain Related to Peripheral Nerve Le- 
sions; Orofacial and Head Pain; En- 
dogenous Mechanisms of Pain Inhi- 
bition; Low Back Pain; Measurement 
of Pain in Man and Animals; and 
Other Pain Researches and Therapies. 
The contributors on those topics, rec- 
ognized as experts in their fields, suc- 
ceed in providing authoritative and 
comprehensive materials on current 
progress. 

Professor John J. Bonica, as he has 
done in the past, arranged the papers 
within each section in a scientifically 
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logical sequence, and succeeds in pro- 
moting the dissemination of new in- 
formation, and stimulating greater re- 
search efforts. He has undertaken 
enormous effort to promote the cause 
of improving the care of patients suf- 
fering from pain. 

This volume will be of great inter- 
est to biomedical researchers and 
health professionals, and it should be 
a welcomed addition to all those who 
are involved in pain diagnosis and 
pain therapy. 


Josef K. Wang, MD 

Assistant Professor of 
Anesthesia 

Mayo Medical School 

Rochester, MN 


The Recovery Room, by 
C. B. Drain and S. B. 
Shipley, Philadelphia, W. 
B. Saunders Co, 1979, 
608 pp, $16.95. 


In this text the authors attempt to 
better correlate the nursing literature 
regarding recovery room care and the 
postanesthesia requirements as seen 
from the anesthetist's viewpoint. It is 
their intent that the total patient care 
experience in the postanesthesia re- 
covery room be more complete and 
more related to the patient's anesthe- 
sia and surgical requirements. 

Drain and Shipley’s approach to 
this goal has been to present their 
material in five sections. Section |, 
The Recovery Room as a Separate 
Unit, describes the physical plant and 
essential equipment that distin- 
guishes a postanesthesia recovery 
room from other areas of the hospital, 
defines the staffing problems and re- 
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quirements, and briefly discusses cer- 
tain administrative and management 
considerations. Section II, Physiologic 
Considerations in the Recovery 
Room, is intended to highlight the 
critical aspects of recovery room care. 
This includes a review of the anatomy 
and physiology of major body sys- 
tems with an attempt to illustrate for 
the recovery room nurses the many 
clinical problems they face in the care 
of the postsurgical and postanesthesia 
patient whose care demands that they 
understand well the anatomic facts 
and physiologic principles involved. 
Section II], Concepts in Anesthetic 
Agents, is a review of anesthetic 
agents and techniques with particular 
attention to their effects in the im- 
mediate postanesthesia period. Sec- 
tion IV, Post-operative Nursing Care 
in the Recovery Room, includes ap- 
proximately 300 pages and provides 
a discussion of nursing care consid- 
erations following surgery to various 
body systems. Chapters in this section 
are divided according to specialty care 
areas, ie, neurosurgery, orthopedic 
surgery, thoracic surgery, etc. The 
chapters in Section V, Special Consid- 
erations, discuss specific medical con- 
ditions or physical states which the 
authors feel require a specific knowl- 
edge and skill in the individual recov- 
ery room practitioner to enable the 
provision of the best nursing care in 
these unique situations. The indivi- 
dualized areas of special considera- 
tion include among others, the geri- 
atric patient, the pediatric patient, 
shock, and cardiopulmonary resusci- 
tation. ; 

Although the depth of coverage of 
material varies among the five sec- 
tions, the coverage is reasonably well 
balanced in the chapters within each 
particular section. Reviews of anat- 
omy and physiology must necessarily 
be somewhat sketchy where they are 
presented as an introduction to better 
understanding of postsurgical and 
postanesthesia problems. The authors 
make liberal use of familiar illustra- 
tions from standard textbooks which 
complement graphically their written 
discussion. Each chapter offers short 
introductory paragraphs which are 
useful to the reader in that they sug- 
gest the content of the succeeding 
topics for discussion and attempt to 
relate the chapter’s. content to those 
postanesthesia or postsurgical clinical 
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situations where the recovery room 
nurse has an important role to play. 

The section on anesthetic agents 
serves as an adequate introduction for 
nonanesthesia personnel. Descrip- 
tions of anesthetic agents are brief 
and the more recent studies relating 
to metabolism and toxicity are not 
discussed. The discussion of muscle 
relaxants and reversal techniques 
could be improved upon as could cer- 
tain word phrases such as post-tetanic 
"fasciculation" and the spelling of 
certain drugs. The sentence referring 
to patients receiving topical anesthe- 
sia of an extremity in the conduction 
anesthesia section and a suggestion 
that motor weakness remains for as 
long as 18 hours following intrave- 
nous regional anesthesia with bupi- 
vacaine further limit the usefulness of 
this material for instruction of anes- 
thesia personnel. The large section 
dedicated to postoperative care after 
particular types of surgery is instruc- 
tional and is well written. There is a 
particularly lengthy and informative 
chapter on postoperative care follow- 
ing neurosurgery. 

At least one basic approach to pa- 
tient care is presented as a useful 
guideline for the beginning recovery 
room nurse. It is not intended that 
this material be accepted by all as the 
only care plan to be followed. Addi- 
tions and modification of the recom- 
mendations made in this text are com- 
monplace in many of our recovery 
rooms today. Nevertheless, the ma- 
terial presented serves a most useful 
purpose in preparing the recovery 
room nurse to meet the nursing care 
challenges presented by the patients 
of the various surgical specialties. Il- 
lustrations in this section are simple, 
adequate in number, and assist the 
reader in understanding the material 
presented in the text; rarely are they 
mislabeled or have legend incom- 
plete. The references following each 
chapter though not as numerous as in 
preceding sections of the book, still 
include several up-to-date sources. 

This book was written primarily 
for beginning recovery room nurses 
and can be recommended as a study 
text to provide useful guidelines in 
their professional development. It 
was not intended to be, and does not 
serve as, a useful text in the clinical 
training of anesthesia personnel. It 
would be of interest, however, for ali 


practitioners of anesthesia who are 
involved in the responsibilities of de- 
veloping and maintaining high levels 
of nursing care practices in the post- 
anesthesia recovery room. It can be a 
useful guide in planning a continuing 
medical education program with the 
recovery room nursing staff. 


Richard R. Ritter, MD 
Brooke Army Medical Center 
San Antonio, TX 


Fee ee 
Pediatric Respiratory 
Therapy, Second Edition, 
by M. D. Lough, C. F. Doer- 
shuk, and R. C. Stern, Chi- 
cago, Year Book Medical 


Publishers, 1979, 313 pp, 
$18.95. 


In the first edition of this book a 
group of dedicated professionals 
drawing on long years of clinical ex- 
perience gave birth to a text which 
covered a wide range of basic pedi- 
atric pulmonary issues. The intended 
audience— postgraduate health per- 
sonnel including respiratory thera- 
pists, physical therapists, nurses, and 
physicians—read, enjoyed, benefited, 
and endorsed its value. The book 
served to fill a void for those making 
the transition from student to respi- 
ratory care provider. 

This edition represents a limited 
expansion of the Case Western-Rain- 
bow Babies and Children's Hospital 
approach to respiratory problems. It 
fails to reflect the exciting adaptations 
of respiratory technology to patho- 
physiology that have occurred in pe- 
diatric intensive care units throughout 
North America. There is minimal dis- 
cussion of intermittent-mandatory- 
ventilation, nuances of end-expira- 
tory pressure systems, Swan-Ganz 
catheters, and noninvasive oxygen 
and carbon dioxide analysis. The au- 
thors do not offer concepts important 
to the application of respiratory sup- 
port technology for children with 
head injuries, pulmonary hyperten- 
sion, bronchopulmonary dysplasia, 
burns, and chronic neuromuscular 
disease. With the exception of cystic 
fibrosis, pediatric pulmonary diseases 
are covered in a cursory manner. Dis- 


eases are described as phenomena re- 
quiring specific treatment. Natural 
history multisystem effects, variations 
of pathophysiology, and the need to 
titrate support and therapy are un- 
derstated or ignored. For those who 
want to interface technology with dis- 
ordered physiologic systems, to 
achieve a result beneficial to the pa- 
tient, this text offers little help. 

Anesthesiologists and pediatric in- 
tensivists may find the book useful as 
a refresher of certain fundamentals— 
lung development, defense and reg- 
ulatory mechanisms, and pulmonary 
function. Also, the chapter on care of 
equipment is of some practical value. 
Here management dogma is more im- 
portant than the concept of titration 
of therapy, and the details of cleaning, 
sterilization, and decontamination are 
appropriately presented. 

Overa_l, this may be a useful ref- 
erence for respiratory therapists and 
technicians who occasionally deal 
with the pediatric patient. However, 
for those actively dealing with pedi- 
atric pulmonary problems, it is not 
sufficiently current to recommend 
purchase. 


Robert G. Kettrick, MD 
Assistant Professor of 
Anesthesiology 
University of Pennsylvania 
School of Medicine 
Associate Director, PICU 
Children's Hospital of 
Philadelphia 
Philadelphia, PA 


Manual of Pediatric An- 
esthesia, edited by D. J. 
Steward, New  . York, 
Churchill Livingstone, 
1979, 305 pp, $15.95. 


The Department of Anesthesia at 
The Hospital for Sick Children 
(HSC), Toronto, Canada, is world-re- 
nowned tor its excellence in pediatric 
anesthesia and intensive care. The au- 
thors present a concisely written text 
that fulfills three general aims: "first, 
to discuss the important differences 
in anatomy and physiology of chil- 
dren compared with adults; second, 
to present the general principles of 
anesthetic management of pediatric 
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patients; and third, to describe tech- 
niques of anesthesia used in HSC or 
some specific procedures." 

The manual is divided into th-ee 
parts. The first part provides ihe 
foundations for pediatric anesthesia 
by describing the peculiarities of pe- 
diatric anatomy, physiology, phar- 
macology, and psychology. General 
guidelines for anesthesia also are p-o- 
vided in this section of the manual. In 
addition, the management of some 
systemic disorders with anesthetic 
implications are discussed in consid- 
erable detail. The second part of the 
manual deals with anesthesia for spe- 
cific procedures, discussed in the fol- 
lowing format: (1) a short paragraph 
describing the syndrome includmg 
associated conditions, (2) pertinent 
details of surgical procedures, (3) spe- 
cial anesthetic problems, (4) anes- 
thetic management (divided into p-e- 
operative, perioperative, and postcp- 
erative sections), and (5) suggested 
additional reading with key articles 
noted. The third part of the book is 
an appendix divided into five sec- 
tions: (a) an excellent table of syn- 
dromes with a succinct description of 
the syndrome and discussion of the 
anesthetic implications of a syn- 
drome, (b) an outline of suggested 
minimal length of time a patient 
should be kept in a recovery room, 
(c) an outline of the usual drug dos- 
ages in pediatric anesthesia (wh:ch 
needs a little expansion), (d) pediatric 
cardiopulmonary resuscitation, and 
(e) a list of manufacturers and sup- 
pliers of pediatric anesthesia equ.p- 
ment. In addition, there is a complete 
and thorough index. 

Overall, this manual is excellent. 
Although there are other ways of 
managing many of the patients de- 
scribed, one cannot go wrong by Pl- 
lowing the techniques employed by 
the Department of Anesthesia of H5C 
who give more than 14,000 anes- 
thetics a year. Many succinct "rules 
of thumb" are provided. This manual 
is really an HSC anesthesia residert's 
manual, and is somewhat institutional 
in its approach and rather dogmatic 
in several areas. There is also some 
unnecessary redundancy in the var- 
ious chapters which could be elirai- 
nated by better editing; at the same 
time, recapitulation of prior incidental 
discussions of a syndrome would be 
helpful if also included in the main 
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discussion of the management of the 
syndrome. Because of its clinical ori- 
entation, I strongly recommend this 
book to every anesthesia resident and 
as part of the library of any practi- 
tioner who occasionally administers 
anesthesia to infants and children. 


Eugene K. Betts, MD 
Assistant Anesthesiologist and 
Assistant Professor of Anesthesia 
The Children's Hospital] ° 
of Philadelphia 
Philadelphia, PA 
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Seminars in Respiratory 
Medicine, edited by T. L. 
Petty and R. M. Cherniack, 
New York, Stratton Inter- 
continental Medical Book 
Corporation, July, 1979, 
98 pp, published quarterly, 
$28.00/year. 


This guarterly publication has the 
stated aim of providing the clinician 
with up-to-date information about 
the treatment of respiratory disease 
more rapidly and frequently than 
textbook or monograph. The July 
1979 issue (Volume 1, Number 1) 
deals with chronic respiratory insuf- 
ficiency, and each future issue will 
apparently deal with a specific entity. 
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Manuscripts 


Manuscripts must be prepared and submitted in the manner 
described in “Uniform. Requirements for Manuscripts Submitted 
to Biomedical Journals" as described in Annals of Internal Medicine 
1979; 90: 25-9, and Lancet 1979; 1: 428-30. 

Type manuscripts on white bond paper, 20.3 by 26.7 cm or 21.6 
by 27.9 cm (8 by 104 in or 84 by 11 in) or ISO A4 (212 by 297 mm) 
with margins of at least 2.5 cm (1 in). Use double spacing through- 
out, including title page, abstract, text, acknowledgments, refer- 
ences, tables, and legends for illustrations. 

Begin each of the fol'owing sections on separate pages: title page, 
abstract and key words, text, acknowledgments, references, tables 


(each table, complete with title and footnotes, on a separate page), 
and legends. Number pages consecutively, beginning with the title 
page. Type the page number in the upper right-hand corner of each 
page. 

Illustrations must be good quality, unmounted glossy prints, 
usually 12.7 by 17.3 cm (5 by 7 in), but no larger than 20.3 by 25.4 
cm (8 by 10 in). 

Submit three copies of manuscript and figures in heavy-paper 
envelope. Submitted manuscript should be accompanied by cov- 
ering letter, and permissions to reproduce previously published 
materials or to use illustrations that may identify subjects. 

Authors should keep copies of everything submitted. 

Title Page. The title page should contain [1] the title of the 
article, which should be concise but informative; [2] a short running 
head or footline of no more than 40 characters (count letters and 
spaces) placed at the foot of the title page and identified; [3] first 
name, middle initial, and last name of each author, with highest 
academic degree(s); [4] name of department(s) and institution(s) to 
which the work should be attributed; [5] disclaimers, if any; [6] 
name and address of author responsible for correspondence about 
the manuscript; [7] name and address of author to whom requests 
for reprints should be addressed, or statement that reprints will not 
be available from the author; [8] the source(s) of support in the 
form of grants, equipment, drugs, or all of these. 

Abstract and Key Words. The second page should carry an 
abstract of not more than 150 words. The abstract should state the 
purposes of the study or investigation, basic procedures (study 
subjects or experimental animals and observational and analytic 
methods), main findings (give specific data and their statistical 
significance, if possible), and the principal conclusions. Emphasize 
new and important aspects of the study or observations. Define all 
abbreviations except those approved by the International System 
of Units. 

Key (indexing) terms. Below the abstract, provide and identify as 
such, three to 10 key words or short phrases that will assist indexers 
in cross-indexing your article and that may be published with the 
abstract. 

Text. The text of observational and experimental articles is 
usually—but not necessarily— divided into sections with the head- 
ings Introduction, Methods, Results, and Discussion. Long articles 
may need subheadings within some sections to clarify their content, 
especially the Results and Discussion sections. Case reports and 
reviews do not require the above sections. 

Introduction. Clearly state the purpose of the article. Summarize 
the rationale for the study or observation. Give only strictly perti- 
nent references, and do not review the subject extensively. 

Methods. Describe your selection of the observational or exper- 
imental subjects (patients or experimental animals, including con- 
trols) clearly. Identify the methods, apparatus (manufacturer's 
name and address in parentheses), and procedures in sufficient 
detail to allow other workers to reproduce the results. Give refer- 
ences to established methods, including statistical methods; provide 
references and brief descriptions of methods that have been pub- 
lished but are not well known; describe new or substantially 
modified methods, give reasons for using them, and evaluate their 
limitations. 

When reporting experiments on human subjects, indicate 
whether the procedures followed were in accord with the ethical 
standards of the Committee on Human Experimentation of the 
institution in which the experiments were done or in accord with 
the Helsinki Declaration of 1975. When reporting experiments on 
animal subjects, indicate whether the institution's or the National 
Research Council's guide for the care and use of laboratory animals 
was followed. Identify precisely all drugs and chemicals used, 
including generic name(s), dosage(s), and route(s) of administration. 
Do not use patients' names, initials, or hospital numbers. 
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include numbers of observations and the statistical significance 
of the findings when appropriate. Detailed statistical analyses, 
mathematical derivations, and the like may sometimes be suitably 
presented in the form of one or more appendixes. 

Results. Present your results in logical sequence in the text, 
tables, and illustrations. Do not repeat in the text all the data in the 
tables and/or illustrations: emphasize or summarize only important 
observations. 

Discussion. Emphasize the new and important aspects of the 
study and conclusions that follow from them. Do not repeat in 
detail data given in the Results section. Include in the Discussion 
the implications of the findings and their limitations and relate the 
observations to other relevant studies. Link the conclusions with 
the goals of the study but avoid unqualified statements and conclu- 
sions not completely supported by your data. Avoid claiming 
priority and alluding to work that has not been completed. State 
new hypotheses when warranted, but clearly label them as such. 
Recommendations, when appropriate, may be included. 

References. (The following style will appear in the journal 
effective volume 60, January 1981.) Number references consecu- 
tively in the order in which they are first mentioned in the text. 
Identify references in text, tables, and legends by arabic numerals 
(in parentheses). References cited only in tables or in legends to 
figures should be numbered in accordance with a sequence estab- 
lished by the first identification in the text of the particular table or 
illustration. 

Use the form of references adopted by the U.S. National Library 
of Medicine and used in Index Medicus. Use the style of the 
examples cited at the end of this section, which have been approved 
by the National Library of Medicine. 

The titles of journals should be abbreviated according to the 
style used in Index Medicus. Consult the “List of Journals Indexed,” 
printed annually in the January issue of Index Medicus. 

Avoid abstracts as references; “unpublished observations” and 
“personal communications” may not be used as references, al- 
though references to written, not verbal, communications may be 
inserted (in parentheses) in the text. Include among the references 
manuscripts accepted but not yet published; designate the journal 
followed by “in press” (in parentheses). Information from manu- 
scripts submitted but not yet accepted should be cited in the text 
as "unpublished observations" (in parentheses). 

References must be verified by the author(s) against the original 
documents. 

Examples of correct forms: 


fournal 


1. Standard Journal Article (List all authors when six or less; when seven or 
more, list only first three and add et al) 


Soter NA, Wasserman SI, Austen KF. Cold urticaria: release into the 
circulation of histamine and eosinophil chemotactic factor of anaphy- 
laxis during cold challenge. N Engl ] Med 1976;294:687-90. 

2. Corporate Author i 


The Committee on Enzymes of the Scandinavian Society for Clinical 
Chemistry and Clinical Physiology. Recommended method for the 
determinatior. of gamma-glutamyltransferase in blood. Scand J Clin Lab 
Invest 1976;36:119-25. 


Anonymous. Epidemiology for primary health care. Int J Epidemiol 
1976;5:224-5. 
Books and Other Monographs 


3. Personal Author(s) 
Osler AG. Complement: mechanisms and functions. Englewood Cliffs: 
Prentice-Hall, 1976. 

4. Corporate Author 
American Medical Association Department of Drugs. AMA drug eval- 
uations. 3rd ed. Littleton: Publishing Sciences Group, 1977. 

5. Editor, Compiler, Chairman as Author 


Rhodes AJ, Van Rooyen CE, comps. Textbook of virology: for students 
and practitioners of medicine and the other health sciences. 5th ed. 
Baltimore: Williams & Wilkins, 1968. 


6. Chapter in Book 
Weinstein L, Swartz MN. Pathogenic properties of invading microor- 
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ganisms. In: Sodeman WA ]r, Sodeman WA, eds. Pathologic physiol- 
ogy: mechanisms of disease. Philadelphia: WB Saunders, 1974:457-72. 


7. Agency Publication 
National Center for Health Statistics. Acute conditions: incidence and 
associated disability, United States July 1968-June 1969. Rockville, Md.: 
National Center for Health Statistics, 1972. (Vital and health statistics. 
Series 10; Data from the National Health Survey, no. 69) (DHEW 
publication no. (HSM)72-1036). 


Tables. Type each table on a separate sheet: remember to double 
space. Do not submit tables as photographs. Number tables con- 
secutively anc supply a brief title for each. Give each column a 
short or abbreviated heading. Place explanatory matter in footnotes, 
not in the heading. Explain in footnotes all nonstandard abbrevia- 
tions that are used in each table. For footnotes, use the following 
symbols in this sequence: *, t, t, 8, ] 9, #, **, TT... . Idemify 
statistical measures of variation such as SD and SEM. i 

Omit internal horizontal and vertical rules. 

Cite each table in the text in consecutive order. 

If you use data from another published or unpublished source, 
obtain permission and acknowledge fully. 

The editor on accepting a manuscript may recommend that 
additional tables containing important backup data too extensive 
to be published may be deposited with the National Auxiliary 
Publications Service or made available by the author(s). In that 
event, an appropriate statement will be added to the text. Submit 
such table for consideration with the manuscript. 

Illustrations. Submit three complete sets of figures. Figures 
should be professionally drawn and photographed; freehand or 
typewritten lettering is unacceptable. Instead of original drawings, 
roentgenograms, and other material, send sharp, glossy black-and- 
white photographic prints, usually 12.7 by 17.3 cm (5 by 7 in) but 
no larger than 20.3 by 25.4 cm (8 by 10 in). Letters, numbers, and 
symbois should be clear and even throughout, and of sufficient size 
that when reduced for publication each item will still be legible. 
Titles and detailed explanations belong in the legends for illustra- 
tions, not on the illustrations themselves. 

Each figure should have a label pasted on its back indicating the 
number of the figure, the names of the authors, and the top of the 
figure. Do not write on the back of the figures or mount them on 
cardboard, or scratch or mar them using paper clips. Do not bend 
figures. 

Photomicrographs must have internal scale markers. Symbols, 
arrows, or letzers used in the photomicrographs should contrast 
with background. 

If photographs of persons are used, either the subjects must not 
be identifiable or their pictures must be accompanied by written 
permission to use the photograph. 

Cite each figure in the text in consecutive order. If a figure has 
been published, acknowledge the original source and submit writ- 
ten permissior. from the copyright holder to reproduce the material. 
Permission is required, regardless of authorship or publisher, ex- 
cept for documents in the public domain. 

For illustrazions in color, supply color negatives or positive 
transparencies and, when necessary, acccmpanying drawings 
marked to indicate the region to be reproduced; in addition, send 
two positive color prints to assist editors in making recommenda- 
tions. Some journals publish illustrations in color only if the author 
pays for the extra cost. 

Legends for Illustrations. Type legends for illustrations double 
spaced, starting on a separate page with arabic numerals corre- 
sponding to the illustrations. When symbols, arrows, numbers, or 
letters are used to identify parts of the illus:rations, identify and 
explain each one clearly in the legend. Explain internal scale and 
identify method of staining in photomicrographs. 

Abbreviations. Define all abbreviations except those approved 
by the International System of Units fer amount of substance, 
mass, length, time, temperature, electric current, and luminous 
intensity. Do not synthesize new or unusual abbreviations. When 
many abbreviations are used, include all in a box of definitions at 
the start of the article. 


Cook County Graduate School of Medicine 


announces 


SPECIALTY REVIEW COURSE IN 
ANESTHESIOLOGY 


May 11-16, 1980 


] Alon P. Winnie, M.D., Course Coordinator 
Chairman, Department of Anesthesia 
Abraham Lincoln School of Medicine 
University of Illinois 


A six-day intensive review course which examines, in-depth, the 
clinical practice of Anesthesiology and the fundamental principles 
upon which it is based. 


A.M.A. Category I Credit: 54 Hours 


For further information and registration contact: 


Cook County Graduate School of Medicine 
707 South Wood Street, Chicago, Illinois 60612 
(312) 733-2800 


LA.R.S. 1979 
REVIEW COURSES 


Booklet containing 14 Review Course Lectures given at 53rd Congress in March of 1979 
is available from I.A.R.S. Cleveland business office at $5.00 per copy. Supply is limited 
and orders will be filled on basis of receipt date of order. Make checks payable to 
International Anesthesia Research Society and send with order. 


BOR OR 9 «3$ à 9 9» O 9 wW 9 9 b à BP b S9 OG à à? B8 € * 9 9 6G W^ 9? 9 €9 € b» 9 9 b * 9 9 9 e * B 9 b» à bà 9 b $9 à ? 9 b» b W" 5 s b NÉ B b» 9 à 9 sS b bh à b G9 9 BP S 9 8 Ó MW B 9 $4 b a 4 à $9 9 à €$ à 


LA.R.S. 
3645 Warrensville Center Rd. 
Cleveland, Ohio 44122 


Enclosed is check for $ for copy(ies) of "1979 Review Course Lectures” to be sent to: 








(name) 


(Mail address) 


(City-state-zip) 
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STATE UNIVERSITY 
of 
NEW YORK 


STAFF 
ANESTHESIOLOGIST 


Uprtote 
Medical 
Center 


Two positions at the rank of Assistant or Associate 
Professor will be available after January 1, 1980. Re- 
sponsibilities include teaching, at the undergraduate, 
graduate and postgraduate levels, research and service. 
Four years of postgraduate training and eligibility for 
a New York license is required. An interest in regional 
anesthesia, pain therapy or intensive care advanta- 
geous, but not essential. Highly competitive salary 
structure and excellent fringe benefits. 

Send curriculum vitae to: 


Howard L. Zauder, M.D., Ph.D. 
Professor and Chairman 
Department of Anesthesiology 
State University of New York 
Upstate Medical Center 
Syracuse, New York 13210 





coming up next. ....... 


I.A.R.S. - 54th Congress 


MGM GRAND HOTEL 


GS 


RENO, NEVADA 





March 9-13, 1980 
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CLINICAL FACULTY POSITIONS OPEN 
1980-1981 
COLLEGE OF MEDICINE, 
KING FAISAL UNIVERSITY 
DAMMAM, SAUDI ARABIA 


The expanding College of Medicine at King Faisal 
University is going into its sixth year of development 
and invites applications from qualified clinical faculty 
for the 1960-1981 academic year in: 


ANESTHESIOLOGY >- 


SALARIES are highly competitive and negotiable; com- 
parable tc other Saudi universities. 

BENEFITS include freé furnished housing, educational 
allowances, air tickets to and from Saudi Arabia once 
each year for a family of four, 60-day paid vacation in 
the summer, liberal overweight allowance. 


Contracts are for one year and are renewable. Language 
of instruction is English. 
Send curriculum vitae with current telephone number, 
and the names and addresses of three references to: 
DR. TAWFIQ TAMIMI 
Dean, College of Medicine 
King Faisal University 
P. O. Box 2 
Sunbury-on-Thames 
Middlesex 
England TW16 5]P 


c/o Saudi Arabian 
Educational Mission 
2221 West Loop South 
Houston, T2xas 77027 





Anesthesia Symposium in Israel 


"New Concepts of Old Problems" 
Nov. 6-14, 1980 


Sponsored by the Department of Anesthe- 
siology of Beth Israel Medical Center 


in affiliation with 
The Page and William Black Post-Graduate 


School of Medicine of the Mount Sinai 
School of Medicine (CUNY) 


Speakers: J. Kaplan, S. J. Thomas, J. Cot- 
trell, H. Turndorf, 5. Cotev, I. 
Azar, M. Finster, P. Poppers 


Anesthetic Management of 
1. Cardiac Patients - 
2. Increased Intracranial Pres- 
sure 
3. High Risk Pregnancy 


CME CAT. 1-12 credit hours 


Information: I. Azar, M.D. 
Dept. of Anesthesiology 
Beth Israel Medical Center 
10 Nathan D. Perlman Place 
New York, N.Y. 10003 
Phone: (212) 420-2385 


Topics: 


RIAA ME TE ae 


ANESTHESIOLOGIST — 

70-physician multispecialty group in 
Western Kentucky, expanding to 80 plus 
physicians and surgeons; excellent open- 
ing in section of four M.D. anesthesiolo- 
gists and nine C.R.N.A.’s; new 401-bed 
hospital opening December 1979; early 
partnership with incentive income distri- 
bution formula. Subspecialty interest in 
cardiovascular surgery and conductive an- 
. esthesia desirable but not mandatory. 
Contact: Medical Director, Trover Clinic, 
Madisonville, Kentucky 42431: 502-821- 
7171, Extension 205. 


PENNSYLVANIA: 


Fellowship in Ob-Gyn Anesthesia. De- 
signed to develop anesthesiology staff for 
maternity hospitals. Emphasis on conduc- 
- tion anesthesia techniques. In-depth train- 
ing, clinical and teaching experience with 
investigative opportunities and mainte- 
nance of general anesthesia skills in gyne- 
cology, general surgery and dental sur- 
gery. Credited by the University of Pitts- 
burgh, an equal opportunity/affirmative 
action employer. Pennsylvania license re- 
quired. Appointment for six months or 
one year. Contact: R. McKenzie, MD, 
FFARCS (Eng), Director of Anesthesia, 
Magee-Womens Hospital, Pittsburgh, PA 
15213. 


ILLINOIS: 


Immediate openings for Board Certified/ 
Eligible Anesthesiologists—Assistant and 
Associate Professors. Research Opportu- 
nities, Applications with Curriculum Vitae 
should be forwarded to: Dr. Donald Ben- 
son, University of Chicago, Department of 
# Anesthesiology, 950 E. 59th Street, Chi- 
cago, Ill. 60637. AN EQUAL OPPORTU- 
NITY EMPLOYER. 


ANESTHESIOLOGIST: 


FMG Board Eligible. Has Flex. Available. 


1980, April. Trained in University Hospi- 
tals. Experienced in all kinds of anesthesia. 
Will consider all locations. Reply to Box 
2-80-B, c/o IARS. 


classified 
ADVERTISING 


ANESTHESIOLOGIST: 


Board certified with four years of real life 
clinical experience, familiar with critical 
care medicine, able to organize and up- 
grade a department's activities, current in 
all areas of anesthesia including cardiac, 
neuro and pediatrics, is seeking a private 
practice of anesthesia involving primarily 
supervision and teaching but also direct 
patient care and departmental function, in 
a growing community and a hospital with 
great potential. Send information to Box 
11-79-A, c/o LA.R.S. 


MAYO FOUNDATION, DEPARTMENT 
OF ANESTHESIOLOGY — 


Opportunities for advanced subspecialty 
training in cardiovascular and neuro-an- 
esthesia, respiratory intensive care, and 
pain management are available to quali- 
fied candidates. Indepth training experi- 
ence in one or more of these areas for 
periods of six months to two years may be 
arranged. For additional details, contact: 
Alan D. Sessler, M.D., Chairman, Depart- 
ment of Anesthesiology, Mayo Founda- 
tion, Rochester, Minnesota 55901. 


WEST VIRGINIA: 


Pain Clinic Fellowship commencing July 
1, 1980 available to applicant with three 
years post graduate training in anesthe- 
siology. Multi-disciplined Pain Clinic, 
seeing approximately 2,000 patients 
yearly, 25% of which are new patients. 
Clinic based on out-patient model with in- 
house beds available. Regular staff in- 
cludes three anesthesiologists, a psychia- 
trist, and two clinical psychologists. Ancil- 
lary services include physical therapy, oral 
surgery and family practice. For further 
information contact Robert Bettinger, 
M.D., Director of Pain Clinic, Department 
of Anesthesiology, West Virginia Univer- 
sity Medical Center, Morgantown, West 
Virginia 26506. Deadline for applications 
is April 1, 1980. An equal opportunity/ 
affirmative action employer. 
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PEDIATRIC ANESTHESIOLOGY RESI- 
DENCY 


Childrens Hospital of Los Angeles has ad- 
vanced clinical program for residents at 
the second and third year level of training. 
Also accepting applications from practic- 
ing anesthesiologists who wish to update 
their knowledge and proficiency. Positions 
available from 2 months to 1 year. Spe- 
cialized year approved by the AMA. For 
further details contact: 

George B. Lewis, Jr., MD 

Head, Division of Anesthesiology 

Childrens Hospital of Los Angeles 

4650 Sunset Boulevard 

Los Angeles, CA 90027 

Phone (213) 662-1708 


NEW YORK: 


Residencies in Anesthesiology at New 
York University Medical Center: Univer- 
sity Hospital, Bellevue Hospital Center 
and New York Veterans Administration 
Hospital. Applications invited for training 
at all levels. Particular emphasis is placed 
on the use of monitoring techniques in 
critically ill and traumatized patients. Spe- 
cialized year opportunities exist in Cardiac 
Anesthesia, Neurosurgical Anesthesia, 
Obstetrical Anesthesia, Pediatric Anesthe- 
sia and Research. For further information 
write to Herman Turndorf, M.D., Profes- 
sor and Chairman, Department of Anes- 
thesiology, New York University Medical 
Center, 550 First Avenue, New York, N.Y. 
10016. 


ANESTHESIOLOGY RESIDENCY 
TRAINING PROGRAM 


Opening in January 1980 for PGY-2 or 3. 
Program approved for specialized years in 
Neurosurgical, Pediatric, and Cardiac An- 
esthesia, Research, Critical Care and Pain 
Management. Over 10,000 anesthetic pro- 
cedures yearly! Exciting metropolitan area, 
with unusual educational, cultural, and 
sporting opportunities. Write Patricia 5. 
Underwood, M.D., Anesthesia Training 
Program, Montefiore Hospital, Depart- 
ment of Anesthesiology, 111 East 210th 
Street, Bronx, NY 100467. 


A. 


en. 


4 


RESIDENTS—ANESTHESIOLOGY. 


New Jersey Medical School, an affiliated 
hospital, Anesthesiology residency posi- 
tions. 3 years approved program. Please 
direct all inquiries to: Dr. Wen H. Wu, 
Professor & Chairman, Dept. of Anesthe- 
siology, Medical Science Bldg., Rm. E538, 
or call (201) 456-5119. COLLEGE OF 
MEDICINE & DENTISTRY OF NEW JER- 


~~ SEY—New Jersey Medical School, 100 


Bergen St., Newark, NJ 07103. Equal Op- 
portunity/ Affirmative Action Employer 
M/F. 


TEXAS: 


Board-certified or board-eligible anesthe- 
siologist wanted to join department con- 
sisting of 2 board-certified anesthesiolo- 
gists and 3 hospital employed CRNAs in 
392-bed acute care hospital. Caseload con- 
sists primarily of general surgery, gyne- 
cology, minimal OB coverage, orthopedics 
and no cardiac surgery. Fee-for-service 
practice -with generous first year salary 
guarantee. Texas malpractice rates are 
minimal and there is no state income tax. 
Our city has 170,500 people, low housing 
and utility costs, and a very modern med- 
ical center. For further details write to Box 
2-80-D, c/o LA.R.S. 


ANESTHESIOLOGIST 


Needed Now! Boards—Group Practice— 
Fee/Service Full time—Phoenix, Arizona 
Area. Please send CV to Box 2-80-A, c/o 
IARS. 


classified 
ADVERTISING 


OBSTETRIC ANESTHESIA: 

Approved one-year specialty training at 
high-risk obstetrical unit—3,000 deliveries 
per year. Ample opportunity for clinical 
experience, teaching, clinical and animal 
research ‘using chronic maternal-fetal 
sheep preparation. Available July 1, 1980. 
Contact: John B. Craft, Jr., M.D., Director, 
OB Anesthesia, George Washington Uni- 
versity Hospital, 901 23rd St. NW, V/ash- 
ington, D.C. 20037—-(202) 676-3864. An 
Equal Opportunity, Affirmative Action 
Employer. 


ANESTHESIOLOGIST 


Position available for an Anesthesiologist 
in an active 460-bed general medical and 
surgical teaching hospital with strong af- 
filiation with University of Missouri Med- 
ical School. Prefer candidate who is >oard 
certified or eligible. Licensure in any of 
the 50 states acceptable. Salary range 
$40,000 to $50,112 per year dependent on 
qualifications plus handsome bonus. Lib- 
eral fringe benefits. Call or write Warren 
P. Sights, M.D., Acting Chief of Staff, 
Harry S. Truman Memorial Veterans Hos- 
pital, 800 Stadium Road, Columbia. MO 
65201, phone (314) 443-2511 ext. 6010. An 
Equal Opportunity Employer. 


ANESTHESIOLOGIST 


Needed in small Minnesota city. Cha‘leng- 
ing cases, no open heart. Malpractize in- 
surance paid. Salary first year, then buy- 
in. Reply to Box 9-79-H, c/o LA.R.S. 


ACADEMIC ANESTHESIOLOGIST, UNI- 
VERSITY OF LOUISVILLE SCHOOL OF 
MEDICINE. 


Position for eligible or board certified 
anesthesiologist with rank commensurate 
with qualifications. Duties include patient 
care, medical student and resident teach- 
ing, and research. Specific interests may 
include any subspecialty. Must be eligible 
for licensure in Kentucky. Inquiry from all 
qualified applicants welcome. Competitive 
salary and fringe benefits. Send inquiry, 
curriculum vitae, and names of four ref- 
erences to George E. Webb, M.D., Chair- 
man, Department of Anesthesiology, P. O. 
Box 35260, Louisville, Kentucky 40232. An 
equal opportunity, affirmative action em- 
ployer. 


ANESTHESIOLOGIST 


wishes to relocate. 37, Board certified, 
FMG, five years of clinical experiences. 
Available in July, 1980. Reply to Box 2-80- 
C, c/o LA.R.S. 


Rates for classified advertising: $3.00 
per line, minimum 5 lines; box number 
ads $3.50 per line. Classified display rates 
on request. Copy deadline 6 weeks prior 
to publication. [Do not submit payment 
with order; invoices will be sent for pay- 
ment prior to publication. Ad copy, subject 
to acceptance by publisher, should be 
mailed to: Anesthesia and Analgesia, 3645 
Warrensville Center Rd., Cleveland, OH 
44122. 
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The AO’ 
Flexible 
Laryngoscope. 


For difficult intubations 
and ICU inspections. 











The AO Flexible Laryngoscope facilitates difficult 
intubations, minimizes trauma and aides proper 
tube placement. 





e |lluminates internal anatomy. 
e Gives direct, clear view of path. 
e Remote control guides tip around 
obstructions. x 
e Withdraws easily when tube is in place. 
e Bright, built-in light source, completely 
portable. 
e For both nasal and oral introduction. 


For complete details contact American Optical, 
Scientific Instrument Division, Southbridge, 
MA 01550 or phone (617) 765-9711, Ext. 2445. 


AQ 


American 
Optical 


Can your anesthesia machine 
pass Chemetron's 
four-point safety test? 


Pass Fail 


= Does it help prevent 
2d | internal gas line hookup 

to the wrong gas service? 
Chemetron’s inhalation anesthesia machine 
comes with specially engineered fittings that are 
coded for each gas. This helps you eliminate the 
chance for a gas line to be hooked up to the 
wrong gas. That means increased safety. 





Pass Fail 


Does it eliminate 
x the problem of vaporizers 
contaminating one another? 
Chemetron’s anesthesia machine has parallel 
vaporizer mounts. Since they're not in series, 
they help keep anesthetic agent vapors from 
contaminating other vaporizers. 
E L] Is it designed so that a flow 

meter tube cannot be placed 

in the wrong position? 
Chemetron has a safety keying system for the 
individual flow meter tubes. Because each tube 
Is calibrated differently, each base is designed 
differently and will not accept the wrong tube. 
So the danger of measuring a gas flow with the 
wrong calibration is reduced. 
ross E Is the oxygen flow control 
knob touch-coded? 
Chemetron's is. The oxygen valve has a scal- 
loped edge, the others a smooth one. So you can 
rely on your fingers, as well as your eyes, to help 
you achieve maximum safety. 


Get instantaneous respiratory and 
anesthetic gas analysis, too. 

Introducing the Chemetron Medspect II system. 
A compact, mobile, mass spectrometer that 
analyzes inspired and expired levels of O;, CO», 
N2, N20 and either halothane or ethrane during 
anesthesia delivery. Simultaneously. Instan- 
taneously. Noninvasively. 


To get the full report, 

call (800) 325-3890. 

To find out more about the Chemetron anes- 
thesia machine, call Randy Olson toll-free at 
(800) 325-3890. (He'll also direct you to your 
nearest Chemetron distributor.) For the whole 
story on Medspect Il, call Judy Snyderman at 
(301) 944-4020. Or write Chemetron Medical 
Products, 1801 Lilly Ave., St. Louis, MO 63110. 


CHEmETROn Medical Products 


Chemetron Corporation. A member company of Allegheny Ludlum Industries, Inc. 
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NTILIRIU 


(Physostigmine Salicylate) 


QUIGKLY BECOMING THE DRUG OF CHOICE FOR 
REVERSING PROLONGED SOMINOLENCE, 
DELIRIUM AND OTHER ANTICHOLINERGIC 

SIDE EFFECTS. 


More Anesthesiologists are — on ANTILIRIUM because... 





e 


e Patients arc revived in minutes after I.V. administration. 
e Reverses anticholinergi 
e Patient safety — metabolized in 

the body in 60 to A One 





. s at cT 
120 minutes. QNNM 
cUm bN ~~ DN 
ove © CA DET 7 > ! 
ee . oer - d jT —< ^ Be 
- ee F 1 e Dr ce aost “es E ^ ats e d x. CON 7 
» : VN S T welt 
ANTILIRIUM CROSSES 
THE BLOOD BRAIN BARRIF*. 
WHEREAS NEOSTIGMNE DOESN — 


7 ANTILIA!UIM, unlike other anticholinesi œ : including 

neostigmine does not hav:; a quaternary nitrog*» atom, but 
has a tertiary amine. For this reason it is nonionizec and rapidiy 
crosses the blood brair: barrier. 


EB O'NEAL, JONES & FELOMAN PHARMACEUTICALS * ST. LOUIS, MO 63043 


ANTILIRIUM 


(Physostigmine Salicylate) | | 


DESCRIPTION: ANTILIRIUM Injection (physostigmine salicylate) 
is OJF's branc of physostigmine salicylate 


ANTILIRIUM iNSECTION 1 mg /ml 
FOR INTRANUSCULAR OR INTRAVENOUS USE 

Each ml. contain: 

PHYSOSTIGMNINE SALICYLATE ] mg 
In a vehicle composed of Sodium Bisulfite 0.1%. Benzyl Alcohol 
2 0%, :n water for injection q s 


ACTION: ANTILIRIUM (physostigmine salicylate) is a salicylic LA. R. e 1 9 79 


acid Gerivative of an alkaloid extracted from seeds of Physostigma 


Venenosum (calabar bean) The action of the parasympathetic RES 
nerves is intermediated by the formation of acetylcholine at the IE 
zm i. 





perpneral end of these nerves. The action of acetylcholine is 
“normaly very fleeting because of its hydrolysis by a specific 
enzymc. Physostigmine inhibits the destructive action of cho- 
linesterase and thereby prolongs and exaggerates the effect of 


E 
the aceiyicholme. The changes in body function which are B k] “ad Pos R ° 
produced by the injection of physostigmine are, therefore, very OO et containing 14 eview 
similar io thease which would occur from simultaneous stimulation VN 
of the pz ^3Sym pathetic nerves and include contraction of the C L " 5 d 
pupil, incseased tonus of the intestinal musculature, constriction Ourse ectu res giver at Sr 
of the bfonchi and stimulation of secretion of the salivary and 


Sweat glands Congress in March of 1979 is 


Physostigmine contains a tertiary amine and easily crosses the x , 
bicod brain barrier, while neostigmine contains a quarternary | bl f 44 S 

amine and is not capable of crossing the structure. This may dValid e from LA; iai 

exolain why neostigmine doesnot cause reversal of anticholinergic- . ` a 

u.dJuced delirium while phy; mine does. Cleveland business office at 
Drugs with anticholinergic properties primarily antagonize acetyl- 5 00 . 

Roline competitively at the neuroreceptor site. Cardiac muscle, $ S ] 

exo ine aglands, and smooth muscle are most markedly affected š per copy. upp y 1S 
Actin of the inhibitors is overcome by increasing the level of . . . 
acetylcholine naturally generated in the body through inhibiting lit I ited and orders will be 
the enzyme (choupesterase) which normally prevents accumula- T 

tion cf excess acetylcholine It does this by hydrolyzing that fill d P 

compound te inactive aceiic acid and choline. Agents which liie 

hibit Dus cezym so thei acetylcholine a 4mulates at the , 
nəurcreceptor sitë ~ re cared anticholinester és. of or 


"Me 







Phycscucmire one ot the zaticholine esterases which is a tertiary 
enne, crosses into the central nervous 5ystem. and can reverse Y I t ti 1 
bors ceatcal and peripheral anticholinerarc actions paya n erna lorna! 
The anticholinergic symiron.e hss botn cgatral and peripheral 


signs and symptoms Centra toxic effects melude anxiety, de- Anesthesia Research Society 


inum, disorienrat'oe, nallucihst'ons, hyperaectt My, and seizures. , 
Se vere POIBoni.G may prejucEe coma, ^? - dul . paralysis, and d d ith d 
Cath Peripheral toxicity .- chr acierisc«d by taechycardia, hyper- an sen WI Or er. 
oyrexc®. mydriasis, vasodi¢tation. urinary retemtion, diminution 

ct Gastrointestinal moti:ty: decrease of secretion in salivary and 

sweat glands. and loss af secretions in the pharynx, bronchi. 

anc nasal passages 


Some drugs in tne anticholinergic group, such as imipramine ee SCRA RS Se PPLE TESS SOS Oe eee YT Fee oS oo a eee v 
ina related tricycucs alse produce additional toxic effects such 
as cardiac arro yir mias which can be reversed by physostigmine 


Cis matic reversai within mnutes of coma, hallucinatións, and 
.** f signs can be expected if the diagnosis is correct and the 
p-.f if has mv suifered z10xia or other insult. Toxic effects I A R G 
from mixed Go 1g ‘gestions and combination preparations such canda taping 


' aS amlüpty'r e enc perphenazine may respond less dramatically 3645 Warrensville Center Rä. 


Since’ physostiomire is rapidly metabolized, therapebtic doses 


may be necessary at inte: vals as life-threatening signs such as Cleveland Ohio 44122 
as , 


arrhythnuas cona JSG T and deep coma recur Physostigmine 
s uestroyed i3 the vody in 60 to 120 minutes 


'NDICATION3. TO REVERSE THE TOXIC EFFECTS UPON 





THE CENTRAL NERVOUS SYSTEM CAUSED BY DRUGS l eg : 
iN CLINICA! GR TOXIC DOSAGES CAPABLE OF PRO- Enclosed is check for G2 ns FOF 
DUCING ANTICHGLINERGIC POISONING. yt oo ies 44 - 

3 : ^c 
It hes also beon repo ree that ANTILIRIUM (physostigmine salicylate) E. copy(ies) of 1979 Review 
May antagunize the CN) ;epressant effects of diazepam Course Lectu “2S to be sent to: 
CONTRAINDICATICNS: Akre mies salicylate injections . 
she tile ^ot be used ir he presence of asthma, gangrene. diabetes, 
cared yvescuiar C,£23s52, mechanical obstruction of the intestines . 
OF urcqemi^ trast or any vagotonic state, and in patients re 
ening Chote asters or depolarizing neuromuscular blocking 
agent 17 car ethonium, succinylcholine) 


YAE NIWC. “ excessive symptoms of salivation, emesis, urina ——— Mm" e 





how é 3 deteccnon occur, the use of ANTILIRIUM should be 
terminat: If ezcessive sweating or nausea occur, thi dosage (name) , 
should ' ("duce 
Intras .» ac) mnistration should be at a slow, controlled rate 
no riot B Ng) per minute (see dosage). Rapid administration ag a MERCURIO RN 
car ca t 'dycardia, hypersalivation leading to respiratory ; e 
diffic. . pessibly convulsions. An overdosage of ANTI (Mail address) 
LIRIUM we ca ISG a cholinergic crisis 
PREC UY ONS. Because of the possibility of hypersensitivity 

nonas Gone patient, atropine sulfate injection should always 

e cp hand s: ^e itis antagonist and antidote for physostigmine AE. " j i (aee 

°, *. = ‘> - 

ADMINISTRATION AND DOSAGE: The usual adult dose o! (City-stete Zip) 
ANT IRICGM is O.5 to 20 mg intramuscularly or intravenous!y : 

Ie 7 seneus administration should be at a slow, controlled rate o VN, 

no niore than 1 mg. per minute It may be necessary to repeat P 
dosages f 1 mg to 4 mg. at intervals as life threatening signs Uu 
suc" as arrhythmias, convulsions and deep coma recur Phy r 
sostiginine saicylate is rapidly metabolized in the body 


IN ALL CASES OF POISONING. THE USUAL SUPPORTIVE 
MEASURES SHOULD BE UNDERTAKEN 


CAUTION Federal law prohibits dispensing without prescription 
HOW SUPFLIED Ampuls, 2 ml packed 12 per box 


O J| O'NEAL, JONES & FELDMAN 
EL — ST LOUIS, MISSOURI 63543 1979 
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. ,enflurane 


Anest 2:'sis are now using 
Ethrar  (enflurane) more ofte« 
than: , other potent aresthetic. 


Their reasons? th j 


e Stability of heart rhythm 
A ncteworthy feature of anesthesia with Ethrane (enfiurane) is stability of heart rhythm’. 

e Compatibility with epinephrine 
ihe zompatibility of Ethrane (enflurane) with epinephrine used for hemostasis is such that up to 10 ni 
of ::100,000 or 1:200,000 epinephrine solution may be injected subcutaneously over a 10 minute 
period. Up to 30 ml of epinephrine solution may be administered over the period of an hour. ^ a 

e Minimal or no liver changes | 
Ethrane (enflurane) has produced either no charge or seil, transient increases in liver enzymes. 
Repeated enflurane anesthesias also have not significantly altered these values?*. 

e Minute-by-minute control 
With a blood/gas partition coefficient of on!y 1.9, Ethrane (enfiuranc? provides for a rapid induction 
and for rapid cha:.ges in depth to meet varyir:c needs of surgery anc patient management. 

e Potentiation of nondepolarizing : "lexants 
Clinical use sugges sia that % to 14 the usua’ oose of nondepolarizing raiaxant is required when Il 
anesthesia is cL.« 1ed with enflurai: Tias potentiating effect helps reduce he risk of residual ot 
recurring postar.e sthetic paralys!s. 

e Rapid recovery; minimal «ies etic aiter-effect de AP 
Because of enflurane’s low scl! buity in blood, patients emerge from ats thesi pro: 
or no depression of menta! fur stion or residual symptomatic effect. la ae 
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H one (enflurane ) 


CAUTION: Federal Law Prohibits Dispensing without Prescription 


DESCRIPTION 
ÉTHRANE (entiurane) is a nonflammabie inhalation anesthetic 
agent. It is 2-chloro-1. 1 2-trifiuoroethyl difluoromeihy! ether, mole- 
cular weight 184 5, and its structural formula is: 


CIF F 
| i 

HoC-C-O-C-H 
{4 
FF F 


* 


~ a 

The boiling point is 56.5°° at 760 mm t- 3. ane: the vapor pres- 
sure (mm Hg) is 175 at 20°C. 218 at 25°C. und 345 at 36 C. Vapor 
pressures can be calculated using the eocuationc 

togioP =At+B/T ^ 77967: 
B a Fr, 1878 
| = °C +273 16 (Kelvin) 

The specific gravity (25°/28°C) is 1.517. The refractive index 
at 20" is 1 3026-1.3030. The biood/gas coefficient is 1 91 at 37°C 
and the oil/gas coefficient is 98.5 at 37°C. The MA C. (minimurr 
alveolar concentration) in man is 1.68 percent in pure oxygen. 
0.57 in 70% nitrous oxide and oxygen, and 1 17 in 30% nitrous 
oxide and oxygen - 

ETHRANE is a clear, colorless, stable liquid whose purity ex- 
ceeds 99 9 pei cent (area % by gas chromatography) No chemica’ 
stab.lizersare adc. 1asthese have been found, through controlled 
laboratory tests, to be unnecessary to maintain stability even in 
the oresence of ultraviolet light. ETHRANE is stable to strong 
base and does not decompose in contact with soda lime and does 
not attack aluminum, tin, brags, iron or copper. The partition co 
efficients of ETHRANE at 25°C are 74 in conductive rubber and 
120 in polyviny! chloride. 


. ACTIONS 

ETHRANE (e turane) is an inhalation anesthetic induction anc 
recovery from anesthesia with ETHRANE are rapid ETHRANE 
has a mild. sweet odor There is mild stimulus to salivation or 
tracheobronchia’ secretions when ETHRANE is used alone 
Pharyngeal and !uryngeal reflexes are readily obtunded. The levet 
of anesthesia chenges rapidly with ETHRANE ETHRANE te 
duces ventilation as depth of anesthesia increases High pC 3: 
levels can be obiaiced at deeper levels of anesthesia if ventilation 
is not supported. cT+i RANE provokes a sigh response reminiscent 
of that seen with die:hyl ether. 

There is a decrease in blood pressure with induction of anes- 
thes.a. followed bv a return to near normal with surgical stimula- 
tion Progressive increases in depth of anesthesia produce 
corresponding increases in hypotension. Hearn rate remains 
relatively constant without significant bradycardia. Electrocardio- 
graphic monitoring or recordings indicate that cardiac rhythm 
remains stable. Elevation of the carbon dioxide level in arteriai 
blood does not alt: r cardiac rhythm. 

Studies in man -t-cicate a considerable margin of safety in the 
administration ^* epinephrine containing solutions during 
ÉTHRANE anes/*eosia ETHRANE anesthesia has been used in 
excision of pheochromocytoma in man without ventricular 
arrhythmias On ^e pasis of studies in patients anesthetized with 
ETHRANE and ii ieoied wif: epinephrine containing solutions tc 
achieve hemost' sic up io iE ml of 1:100,000 or 1:200,000 epine- 
phrine containing soten may be injected subcutaneously at a 
rate of not more thar ,O n rer minute and no more than 30 mi per 
hour. All customer, orecautions in the use of vasoconstrictor 
substances shouic be observed. 

Muscle relaxation may be adequate for intra-abdominal opera- 
tion at normal levels of anesthesia. Muscle relaxants may be used 
to achieve greater relaxation and all commonly used muscle re- 
laxants are compatible wit? ETHRANE THE NONDEPOLARIZ- 
ING MUSCLE RELAXANTS ARE POTENTIATED 1n the normal 
70 kg adult, 6 to 9 ing of d-tubocurarine or 1 to 15 mg of pan- 
curonium will produce a 3O percent or greater depression of twitch 
height. Neostigmine coes not reverse the direct effect of 
ETHRANE. . 

Biotransformation of “THRANE in man results in low levels of 
serum fluoride ions *.sraging 15 mM/L. These levels are weli 
below the 50 mM/L' -shold level which can produce minimal 
renal damage in norm: « subjects: however. it is possibie that these 
levels could result in damage in oatients with severely impaired 
ena! function or those undergoing renal transplantation. Deores- 
n of lymphocyte i:sisformation does not follow prolonged 
RANE anesthesia in man in the absence of surgery. Thus 
ANE does nei Gegress thye aspect of she immune response 


INDICATIONS 
ETHRANE (enflurane: may be used for induction and maintenance 
of general anesthesia. Adequate data have not been developed 
to establish its apclication in obstetrical anesthesia 


CONTRAINDICATIONS 
Seizure disorders ‘see WARNINGS! 
Krown sensitivity to ETHRANE (enflur ace: or other nalogenated 


anesthetics 

WARNINGS 
Increasing depth of anesihesia wih ET “RANE (enflurene) may 
produce a change in :he eiectrcencephalogram characterized by 
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P.O Box 7550 030 Airco C ove, Mag:sun, Wis. 5370 


high voltage, fast frequency, progressing through spike-dome 
compiexes alternating with periods of electrical silence to frank 
seizure activity. The latter may or may not be associated with motor 
movement. Motor activity, when encountered, generally consists 
of twitching or “jerks” of various muscle groups, if is self-limiting 
and can be terminated by lowering the anesthetic concentration. 
This electroencephalographic pattern associated with deep anes- 
thesia is exacerbated by low arterial carbon dioxide tension. A 
reduction in ventilation and "anesthetic concentration usuaity 
suffices to eliminate seizure activity. Cerebral blood flow and 
metabolism studies in normal volunteers immediately following 
seizure activity show no evidence of cerebral hypoxia. Mental 
function testing does not reveal any impairment of performance 
following prolonged ETHRANE anesthesia associated with or not 
associated with seizure activity. 

Since levels of anesthesia may be altered easily and rapidly, 
only calibrated vaporizers which measure output with reasonable 
accuracy should be used. Hypotension and respiratory exchange 
can serve asaguide to anesthesia depth. Deep levels of anesthesia 
may produce marked hypotension and respiratory depression. 

. The action of nondepolarizing relaxants is augmented by 
ETHRANE. Less than the usual amounts of these drugs should be 
used. if the usual amounts of nondepolarizing relaxants are given, 
the time for recovery from myoneural blockade will be longer in 
the presence of ETHRANE than for other commonly used 
anesthetics. E 

Usage in Pregnancy: Safejy in pre 
lished. Reproduction studies have. De 
rabbits, and there is no evidence of ha 
relevance of these studies to the hu 
is NO adequate experience in pregna 
the drug, safety in pregnancy has no 





















has not been estab- 
performed in rats and 
animal fetus. The 
own, Since there 
no have received 
iblished. 


history could be cor 
tion produced by this d 
some muscle relaxants 
the use of ETHRANE 


roups and/or seizures ti 
THRANE (entiurane} ane 
2. Hypotension and respirat 

3 Arrhythmias. shivering. 
reported UA 
4. Elevation of the white blood 


pas and vomiting have been 
unt.has been observed 


DOSAGE AND ADMINISTRATION 
The concentration of ETHRANE (enflurane! being delivered dur- 
ing anesthesia from a vaporizer should be known This may be 
accomplished by using: a ) 

a! vaporizers calibrated specifically for ETHRANE. 

b! vaporizers from which delivered flows can easily and readily 

be calculated. í 

Nothing is present in the agent to alter calibration or affect the 
operation characteristics of the vaporizer. 

Preanesthetic Medication: Preanesthetic medication shouid be 
sc'ected according to the need of the individual patient, taking 
into account that secretions are weakly stimulated by ETHRANE 
anc the heart rate remains constant. The use of anticholinergic 
drugs is a matter of choice. 

induction: Induction may be achieved using ETHRANE alone 
with oxygen or ín combination with oxygen-nitrous oxide mixtures 
Under these conditions some excitement may be encountered. If 
excitement is to be avoided, a hypnotic dose of a short-acting bar- 
biturate should be used to induce unconsciousness. tollowed by 
the CTHRANE mixture. in general, inspired concentrations of 
3 5-4 59; ETHRANE produce surgical anesthesia in 7- 'O minutes. 

Maintenance: Surgical levels of anesthesia may oe obtained 
with t 5-39; ETHRANE. Maintenance concentrations scould not 
exceed 39, if added relaxation is required. suppieraent i doses 
of muscle relaxants may be used. Ventilation to rna. citar ine ten 
sion of carbon dioxide in arterial blood in the 35-45 mm Hg range 
is preferred. Hyperventilation should be avoided «..order fo 
minimize possible CNS excitation. 

The level of blood pressure during maintenance. = 
funct-an of ETHRANE concentration in the abse ace 
olicating probiems. Excessive decreases .uniess re 
vole miaj may be due to depth of anesthesia arsi ir 

shouid be corrected by lightening the level of aner 

Overdosage: in the event of overdosece, Of wii | 
io be overdosage. the following action should be io: cn 

Stop drug administration, establish that tne airea. is clear ana 

initiate assisted or controlled ventilation with pure oxygen az 

circumstances dictate. 
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| PACKAGING 
ÉTHRANE (enfiurane) is packaged in 125 and [50 mi ambe: 
colored bottles ` 2058 
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from 
NORTH AMERICAN DRAGER 





North American Drager is continually 
keeping in touch with the growing needs of 
the anesthesia profession. We are 
constantly improving our products for 
patient safety, our prime engineering and 
design criterion. These new products join 
the ever growing range of North American 
Drager Products of Anesthesia. 


DPM 2 
(DRAGER PRESSURE MONITOR Il) 


Our second generation of pressure 
mon'tors. 

Four ^ressure monitors— minimum 
ventiiztion pressure, continuing 
pressure, high pressure and sub 
atmospnere pressure, + 
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VAPORIZER 
EXCLUSION 
SYSTEM 


A unique lock out 

system for insuring 
that only one vaporizer 
can be switched on at a time. 
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- PHILLIPS 
LARYNGOSCOPE 
BLAD 


= - QP siia tuti of the Miller Blade 


and the Jackso7-Eversole Blade. Now in 
T vo Sizes- - Adult and Pediatric. 
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NAP; OMED 2 ANESTHESIA SYSTEM | Gael NALE representan yo cua | 
The «<. sest member of the North American Drager family of E r4 ^ | 
Ane sit. sia Systems. | |. | Please include information on Anesthesia | 
A ccro ieie anesthesia system consisting ci an anesthesia Machines | 
dispe ing system, ventilation system, patient monitoring | 
«atea and a unique patient safety alarm sysiem. | | 
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Proceed with PAVULON 


pancuronium bromide 
The clinically proven nondepolarizing muscle relaxant 


Brief Summary (Please consult full package insert, enclosed in every 
package, before using Pavulon). 
ACTIONS: Pavulon is a non-depolarizing neuromuscular blocking agent 
365 sessing all of the characteristic pharmacological actions of this class 
of urugs (curaritorm) on the myoneural junction. 
Pavulon (pancuronium bromide) is antagonized by acetylcholine, 

ticholinesterases. and potassium ion. Its action is increased by inhala- 
tional anesthetics suc : as halothane, diethyl ether, enflurane and meth- 
oxyflurane, as well as quinine, magnesium salts, hypokalemia, some 
carcinomas, and certain antibiotics such as neomycin, streptomycin, 
clindamycin, kanamycin, gentamicin and bacitracin. The action of Pavu- 
lon may be altered by. dehydration, electrolyte imbalance, acid-base 
imbalance, renal disease, and concomitant administration. of other 
neuromuscular agents. 
CONTRAINDICATIONS: Pavulon is contraindicated in patients known to 
be hypersensitive to the drug or to the bromide ion. 


WARNINGS: PAVULON SHOULD BE ADMINISTERED IN CAREFULLY 
ADJUSTED DOSAGE BY OR UNDER THE SUPERVISION OF EXPERI- 
ENCED CLINICIANS, WHO ARE FAMILIAR WITHITS ACTIONS AND THE 
POSSIBLE COMPLICATIONS “AAT MIGHT OCCUR FOLLOWING ITS 
USE. THE DRUG SHOULD NC.” BE ADMINISTERED UNLESS FACILI- 
TIES FOR INTUBATION, ARTIF ^'AL RESPIRATION, OXYGEN THER- 
APY, AND REVERSAL AGENTS E IMMEDIATELY AVAILABLE. THE 
CLINICIAN MUST BE PREPAREC-1O ASSIST OR CONTE 

TION. : 2 E. 

in patients who are known © have myastheni 
Pavulon may have profound elects. A perip 
especially valuable in assess.no ;he effects of, 
USAGE iN PREGNANCY: The sate use of pa 
been established with respect to the possibi 
development. Therefore, it should not be used iris 
potential and particularly during early pregnamei 
of the physician the potential t enefits outweigb,t 

Pavulon may be used in orerative obstetrics && 
reversal of pancuronium may be unsatisfactor 
magnesium sulfate for toxemia of pregnancy, bece ise magnesium salts 
enhance neuromuscu'z: blockade. Dosage should usually be reduced. 
as indicated, in such cases. 

PRECAU ONS: Although Pavulon has been used successfully in many 
patients with pre-ex:sting pulmonary, hepatic, or renal disease. caution 
should be exercised in these situations. This is particularly true of renal 
disease since a major portion of administered Pavulon is excreted 
unchanged in the urine. 

ADVERSE REACTIONS: Neuromuscular: the most frequently noted 
adverse reactions consist primarily of an extension of the drugs pharma- 
cological actions beyond the time period needed for surgery and 
anesthesia. This may vary from skeletal muscle weakness to profound 
and prolonged skeletal musc' . relaxation resulting in respiratory irsuffi- 
ciency or apnea. Inadequate reversal of tio neuromuscular blockade by 
anticholinesterase agents has also beet |. :bserved with Pavulon (pan- 
curonium bromide) as with all curariforn- ;rugs. These adverse ;eactions 
are managed by manual or mechanmc."' ventilation uniil recovery is 
judged adequate. 

Cardiovascular: A slight incres3e in pulse rae is frequently noted. 

Gastrointestinal: Salivation is sometimes noted during very light arias- 
thesia, especially if no anticholinerdqic premedication is used. 

Skin: An occasional transient rach is noted accompanying the use of 
Pavulon. 

Respiratory: One case of whee: ng, respon ling to deepening of tre 
inhalational anesthetic, ^s been re sorted. 
DRUG INTERACTION: he: "esit, of blockace and duration of action 
of Pavulon is increased in sate ite aceiving potent volatile inhalation.| 
anesthetics such as falotnane ^ thyl othe- on‘lurzne and methoxy 
flurane. ` 2 

Prior administratior of acci vicholinzs, su n as hat used for endo 
tracheal intubation, «nb arces ime rela» ant ofect of Pavulon and the 
duration of action. i 5 4nciyleholine issused »efore 2avulon, the admin- 
istration of Pavulon soctid be delayed oc ih 5. zcinylcholine shows 
signs of wearing off. 

DOSAGE AND ADMINISTRATION: Pavulon shou 
by or under the supe: sison of experienced cicaciazs, DOSAGE MUST 
BE INDIVIDUALIZED NEACH CASE. See Catkays inseri for suggested 
dosages. 

CAUTION: Federal jay prohibits dispensing witht ui prescription 














Reference: 
1. Stanley and Liu. Anesth / naig 56 669. 1977 
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Organon Pharmaceuticals 
A Division of Organon Inc. 
West Orange, NJ. 27052 


i22 administered only ' 
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International Anesthesia Research Society 
3645 Warrensville Center Road 
Cleveland, Ohio 44122 


Please change my mail address for ANESTHESIA and 
ANALGESIA, effective 
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EMERSON - 


ü IMV] Ventilator | 


Intermittent Mandatory Ventilation 


Continuous-flow voluntary ventilation, with inter- 
mittent forced breaths, is an alternative to assisted or 
controlled respiration. It has been found especially 
valuable for infants and for use in “weaning” adults as 


they igaprove. á 
A A humidified (and usually enriched with 
oxygen) flows continuously to a reservoir bag, and is 
* available for unobstructed inspiration by the patient. 
*| A slight expiratory back-pressure (PEEP) may be 
added, to keep the lungs expanded. At intervals the 


ventilator delivers a “mandatory Zbreath, which sup- = 
plements the patient's own brgathing activity nope 


hyperventilation. > 


> 

At first the ventilator is generally set to supply man- 
datory breaths at a norma! controlled rate. This con- 
trolled respiration is then gradually changed, by 
lengthening the interval between breaths (a second 
or two at a time) as the patient's condition improves. 
Eventualiy mandatory breaths are spaced so far apart 
that the patient scarcely relies on them at all —— and 
“weaning” is completed.’ 


VERSUS ASSIST 


friggering an assistor has often been a problem, particulasly for infants, since their rates are rapid 
and iheir inspiratory irnpulses are slight. If synchronization isless than perfect, the patient ir “ales (at 
least part of the time) with no fresh gas available. Under such circumstances," ‘nad levels of CO; 
rise, as noted by Kirby and associates.' 


VERSUS CONTROL 


For apneic patients, control is o! viously needed. But to take over, wher: 3 patient is breathing 
spontaneously, drugs have to be used or the patient ha: to be hyperventilatec. Either procedure has 
drawbacks. Paralytic or sedative agents may obscure signs ef neurological or metabloic disorders. 
Lowered muscle tone may impair ver.ous : ciurn, and hence cardiac output. The effects of such drugs 
are particularly hard to predict in infants. 





Las 


| Hyperventilation (often used to su »press spontaneous breathing efforts) has drawbe-ks, toa. i^e | 
resultant alkalosis reduces cerebral  ooc flow. Blood levels of calcium and magnesiury are itere i. 

| Airway resistance increases and pulmona y complian e deceases with hy pocarbia.? Fi iiy, there i. 

|| evidence of a shift in the carbon di xid: response curve, which mak =) weaning mc difficult. 


Ali of these pit-falls can be avoid: d by using con inuous-flow IMV E s 


Please request Form 3-MV. 


y 
T 


J. H. EMERSON COMPANY 


| CAMBRIDGE, MASSACHUSETTS 02140 
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Features you need... 


SHORT- ACTIN 





BRE” SUMMARY OF PRESCRIBING INFORMASO 
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SP". AL NOTE 












EM? ENC. REACTIONS HAVE GCCUF RED IN APP HOXIMAT $Y 1294 OF 
PANTS 

1D PSYC AOL GICAL MANIFESTATIONS VARY IN SEV! WEEN 
PL: ASANT. “REAMLIKE STATES VIVID IMAGERY. HALLUCINATIONS: AND 
EL RGENC:. DEV RIUM IN SOME CASES, THESE STATE: HAVE BEER I ACCOM- 
PANIED BY CONFUSION. EXCITEMENT AND IRRATIONAL BEHAVIOR WHICH 
A FEW PATIES!TS: RECALL AS AN UNPLEASANT EXPERIET ICE. THE DURATION 
QR ANARILS LASTS NO MORE THAN A FEW HOURS: IN .FEW CASES. 







HOWZVER RECUBRENCES HAVE TAKEN PL ACE UP TIFA HOURS POSTOPER- 
ATIVELY NO RESIDUAL PSYCHOLOGICAL EFFECTS ARE KNOWN TO HAVE 

RESULTED FFOM. JSE OF KETALAR. 

OTHE INCID E ETE OF THESE EME -RGENCE PHENOMENA IS LEAST IN THE 
YOUNG (16 YEARS OF AGE OR LES a OF LDERLY (OVER 65 YEARS OF AGE) 
PATIENT ALSO. THEY. ATE LESS FREQUE (NT WHEN THE DRUG IS GIVEN 
IHTRANUSCUUAÉLY 


THESE CEACIS F VERBAL. 
STHAULATON CE THE PAT CRIT IS MINIME: 7 m SURING 
12$ DOES NOT PRECLUDE THREMON 
(ME USE OF £ s AL: HYUNOT 5 DC 
BAR 2 TURATE Mas t 


TACTILE, AND VISUAL 
THE RECOVERY PERIOD 
HETOGPING OF VITAL SIGNS. IN ADDITION. 
Or A SHORT-ACTING OR ULTRA: 

= REOUIRED TO TERMINATE A SEVERE 
















i , EMERGENCE F LAC DONO THE INCIUUENCE rae EME RGENCE REACTIONS IS 
0062 Ue es : REDUCED AS = “PER :NCE WTH THE D : GAINED. 
mn jen" pe 0 aie ete e anal WHEN KETA« RIS SED ON AN GTE Nr BASIS. THE PATIENT SHOULD 
U ni lon É ri | r NOT BE RELE 407D UNTIL REDOVE HY ; ANESTHESIA IS COMPLETE 
gesia, OF adminisirado Lite S Qe AND THEN S: (ELD EC ACCOMPAr ED ain SPONSIBLE ADULT 
damage or buildup of tolerance following repeated ^ contraincicaions 
Ketamine hydrozhlonde ^ con raindicaied in those ic whom a sgnifticant elevation ol 


procedures. Ketalar usually strengthens, rather than 
depresses. blood pressure, pulse rate and respira- 
tion. When necessary. it permits maintenance of 
unaided respiration because of minimal relaxation of 
skeletal muscles or laryngeai- “pharyngeal reflexes. 


for the patients who need ithem 

At either end of the age spectrum, the: pedine or 
geriatric patient. The patient in shock. or wiih 
shock potential. Patients in whom esiabi's shing an V 
route of administration is difficult. The burn pa ieri 
requiring repeated dressing changes. Fater s 
requiring manipulative or diagnostic procr 

The debilitated n The amernenc 

may not have a. i 





-— 






ores 


Du 
me 


blood pressure : pei uid cc 
Sensi itivily 


WARNINGS 


ot respiration. 
patients found te have hypertension a c 


tormatior shoud not be injected froin es in 


Sututea serio cohozard am those who have shown hyper- 


to the zirug 


1. Ketalar shculd be use: 1 Í by Or under the C 
adrministenng general anestistics anc i maar ác 


chon of physicians experienced in 
noe of an airway and inthe control 













~ed during the procedure im 
decompensation 

mpatible because af precipitate 
na we 

ales and/or narcotcs are used 


2 Cardiac funcion should : De continu: raky c 


3 Barbiturates and Ketalar. being: 
S a 
4. Prolonged recovery time may occur if 


iet 


concurrently wit Ketalar 


5 Postoperatve confusional states may OCC ur during the recovery period. 

6. Respiratory depression may occur with overdosage or 100 rapid a rate of admin- 
‘stration of Ketasar. in which case supportive venation should be employed. 
“Aochanical support of respiration is preferred to «dministration of analeptics. 


‘#sage in Pregnancy: Since the safe use in pregnancy. including obstetrics (either 


'aginal or abdominal delivery), has not been estabiished, such use is not 


"ecommendued. 


^"RECAUTIONS 
a Because pharyngeal and laryngeal reflexes are usually active. Ketalar (ketamine 
A jection) sould not be used alone in surgery or diagnostic procedures of the 
"arynx. larynx. or bronchial tree. Mechanical cumulation of the pharynx should be 
4ded. whenever possible, if Ketalar is used one. Muscle relaxants. with proper 
2nlion to respiration, may be required in be. ` of these instances. 

. Resuscitat«e equipment should be ready "or use. 

* The incidence of emergence reactions tia ' be reduced iÍ verbal and tactile 
siu "lation of the patient is rninimized during tt^ -Scovery period This does not 
lude the monitoring of vital signs (see Spec o: Note) 

The intravenous dose should be administe. ~ over a period of 60 seconds. More 
| administration may result in respiratory deis assion or apnea and enhanced 
sor resporse 
nin Surgical T a visceral pe pathways. Ketalar should be 
al dois 


patient 


7 An:sncreasge in cerebrospinal fluid pressure hes been reported following adminis- 
ation ol «carmine hydrochioride. Use wth extreme caution in patients with pre- 
SES c pieved cerebrospinal fluc! pressure 


ADVERSE SEACTIONS 


Carr vascon dio? pressure e 4d pulse «ate -y t. frequently elevated following 
acnmim raton af “et. au However, hypotension ai. oa da have been 
Oc o Arreythive s nas also occurred 

Segre anon. cAltheaghb respe alors fraqueniy stimulated. severe depression of 
e$ Af ON OF: pne may OCC ici wing rap. d intravenous administration of high 


' Keller (ketamine EC injection). Laryagospasms and other forms of airway 
sont, ie DOCUFfed Cun ing Ketalur anesthesia. 


se ae 
xd 


Diplop: i and nystane . have bec noted following Ketalar administration. 
nay cause a slight elevanonan im@raccuiar pressure measurement. 





Pe vuna (See Special Snae] | 
ame natiezis enhancc ^ skeletal muscle tone may be manifested 
"QODiscasnmmetrm reserbpl ng seizures (seo Dosage and 
2 ung have veen observed; however this 
et ee dii “rity ot pabeats to take iquids by 
^ Sh : (eee Dosa... and Adnynistration). 
apera imema a oc teciion Site cave infrequently been 
ded Tra 'd/or rmm vim rash hase also been reported 
4 SUPPLE . 
HAr S SUDE Horiei yrations ecuivalent to ketamine 
3071-4581 mg/m Suppied in cartons of 10. 
UU DOZI ASE) Saneti 2uDpuied in cartons of 10. 
i O07 31-4582 l s mg/m » Sxpxpxed in cartons of 10. 
40071 4585 vi Wu mg/m Supphed in cartons of 10. 
SG 
“RKE-L 
ap TE. DAVIS 
of Werner-Lambert Company 
PVE dards. a QGrnpatiy pp s A RR. E E a ih 
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Anesthesia and Analgesia 
BACK ISSUES AVAILABLE 

















Available at $3.00 per Issue 
Vol. Year < Numbers Available Vol. Year Numbers Available 
33 1954 - 2 3 4 5 6 41 1962 - 2 3 4 5 6 
34 1955 1 2 3 4 5 6 42 1963 - - 3 4 5 6 
35 1956 1 Z 3 - 5 6 43 1964 1 - 3 4 5 6 
36 1957 - 2 3 - - 6 44 1965 - 2 3 4 5 6 
37 1958 1 9 3 4 5 6 45 1966 - - 2 3 4 5 6 
38 1959 1 i 4 75 6 46 1967 - 2 3 4 5 6 
39 1960 - 4 ^5 6 A7 1968 - 2 3 4 5 6 
40 1361 5 4. i n 6 48 1969 1 2 3 4 5 - 
'"*"' . ^' Available at $4.50 per Issue o 
Vol. Year Numbers Available Vol. Year Numbers Available 
49 1970 1 2 - - 5 6 54 1975 - 2 3 ~ - 6 
50 1971 1 2 3 - - - 55 1976 - 2 3 4 5 6 
51 1972 ~- 2 3 ~ - 6 56 1977 1 2 3 4 5 6 
52 1973 1 2 3 4 B 6 57 1978 1 2 3 4 5 6 
53 1974 - 2 3 4 - = : 
Available at $5.50 per Issue 
Vol. Year Numbers Available ' 
58 1979 1 2 3 4 5 6 
59 1980 1 


SINGLE ISSUES PRIOR TO 1854: Write to publisher at address below for listing of issues available at $2.00 each. 
BOUND VOLUMES AVAILABLE: $8.00— For Years 1947, 1948, 149: $10.00— For Years 1953, 1955 
OTHER PUBLICATIONS AVAILABLE: 
"Basic and Clinical Physiology of the Liver" (Supplement to Sept-Oct. 1965 issue)— $3.00. 
Ten-Year (1960-1969) Cumulative Index— $3.00. 
Ten-Year (1970-1979) Cumulative Index— $3.00. 
a ce ee LOCOS eR NNNM RA 
international Anesthesia Research Society 
3645 Warrensville Center Rd 
Cleveland, Ohio 44122 


Please send me the publications circled above. or listed fro :nder: 





L] Check for $ |... enclosed. 

[.J Please send bill with understanding that ordered material will be sent when payment is received. 
Name 
Address 


City, State, Zip .. 
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THERMODILUTION CARDIAG THERMODILUTI 
OUTPUT COMPUTER CATHETERS 


Injectate Lumen rs 


15 cm proximal —5F 


MODEL 30 cm proximal — MAL ^ 





^ 
Latest bedside Be" 
cardiac output 2 á e 
computer monitoring : \ ~ 
$ v——Markings 
technolo | gs, 1% ‘cc Bal 
gy S i Cy every 10 cm : c6 Balloon Inflated 
2 E vM I Syringe Balloon 
MODEL 3n E Thermistor CVP— 
e Connections Proximal A 
3501 | - PA — 
WE ee s 
Companion auto- 
matic recorder for 
thermodilution curve 
Thermistor 
Features: Foaliinc: 
e ACCURATE cardiac outputs «e AUTOMATIC body and 
— adult and pediatric ranges injectate temperatures © n a and complete e Ta: D — pressure fidelity 
e SIMPLE pushbutton e AUTOMATIC thermal curve sterile packaging ar ction 
operation recording e Precalibrated and e TI “located inside J 
e ADJUSTABLE test e CHOICE of injectate volume ipterciangeam Cut 2vents PA. wall contact 
calibration and temperature e Adult, pediatric wd e Eal -.otection shield 
e SERVICEABLE — interchangeable circuitry placement sizes ` 
* 


For additional information contact Ross A. Moman 
KIMRAY MEDICAL ASSOCIATES 
53 N W. 42nd, Oklahoma City, Oklahoma 73118 
(405) 525-362 













PHILLIPS 


LARYNGOSCOPE BLADES 
Now Two Sizes 


Adult and Pediatric 


The Phillips Blade by North American Drager comb ^^s into one blade 
many features of the Jackson-Eversole Blade and the M -: Blade. The light of the 
Phillips Blade is on the left side to afford excellent visuauzation of the Larynx and 
allows room for passing a tube along the blade for difficult intubations. 
















The Adult Blade has been found 
adequaie for the largest adults en- 
countered; tne small tip, in addition 
maxes it adaptable for use in children as 
small as 2 or 3 years of age. The 
Peciatric Blade is a replica of the Adult 
Blade that has been reduced in all 


^ aspects of shape and size, including 

thickness of the metal. It can be used in 

NORTH AMERICAN DRA GER patients frora newborn to about 4 years 
7 of age 


148B QUARRY ROAD, TELFORD, PA 18969 
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Brief Summary of Prescribing Information 
STADOL® (butorphanol tartrate) 


For complete information, consult Official Package Circular. 

(2) 12/10/79 
INDICATIONS AND USAGE—Stado! :s recommended for the relief of moderate to severe 
pain. Stadol can also be used for preoperative or preanesthetic medication. as a 
supplement to balanced anesthesia, and for the relief of prepartum pain. 
CONTRAINDICATIONS—Stado! should not be administered to patients who have been 
shown to be hypersensitive to it. 
WARNINGS— Patients Physically Dependent on Narcotics: Because of its antagonist 
properties, Stadol is not recommended for patients physically dependent on 
narcotics. Detoxification in such patients is required prior to use. 
Due to the difficulty in assessing addiction in patients who have recently received 
substantial amounts of narcotic medication, caution should be used in the 
administration of Stadol. Detoxification of such patients prior to usage should be 
carefully considered 
Drug Dependence: Special care should be exercised in administering Stado! to 
emotionally unstable patients and to those with a history of drug misuse. When 
long-term therapy is contemplated, such patients should be closely supervised 
Even though Stadol has a low physical dependence liability, care should be taken 
that individuals who may be prone to drug abuse are closely supervised. It is 
important to avoid increases in cose and frequency of injections by the patient and 
to prevent the use of the drug in anticipation of pain rather than for the relief of pain. 
Head Injury and Increased Intracranial Pressure: Although there is no clinical experience 
in patients with head injury, it can be assumed that Stadol, like other potent 
analgesics, elevates cerebrospinal fluid pressure. Therefore the use of Sta‘ol in 
cases of head injury can produce effects (e.g., miosis) which may obscure the 
clinical course of patients with head injuries. In such patients Stadol must be used 
with extreme caution and only if its use is deemed essential. 
Cardiovascular Effects: Because Stadol increases thi&work of the heart, especially the 
pulmonary circuit, the use of this drug in acute myocc fial infarction or in cardiac 
patients with ventricular dysfunction or coronary insuffi 


Wfficiency should be limited to 
those who are hypersensitive to morphine sulfate orme| 
PRECAUTIONS— Certain Respiratory Conditions: Becau 
















meperidine. i 
e Stado! causes some respiratory 


depression, it should be administered on!y with caution and low dosage to patients AR 


with respiratory depression (e.g., from oiher medication, uremia, or severe infec- 
tion), severely limited respiratory reserve, brcnchial asthma, obstructive respiratory 
conditions, or cyanosis. 


Impaired Renal or Hepatic Function: Although laboratory tests have not indicated that 
Stadol causes or increases renal er Pe^5ticimpau °t 1e drug should be 
administered with caution to patients . n such ' Extensive liver disease 
may predispose to greater side effesis : id grec .m the usual clinical 
dose, possibly the result of decreased © ^ li: 4j by the liver. i 
Biliary Surgery: Clinical studies have nu’  . .. hthe safety of Stadol *$. 
administration to patients about to ;nü« n0. 1iliary tract. : 


Usage as a Preoperative or Preanesthetic Medicati :S,.ght 'ases in systolic blood 
pressure may occur, therefore caution shoul. employ when Stadol is used in 
the hypertensive patient 

Usage in Balanced Anesthesia: The use of ancuronium in combination with Stadol may 
cause an increase in conjunctival changes. ; 
Usage in Pregnancy: The safety of Stadol for use in pregnancy prior to the labor period 
has not been established; therefore, thi» drug should be used in pregnant patients 
only when in the judgment of the physic'an its use is deemed essential to the welfare, 
of the patient. T 
Reproduction studies have been perfori +r rats, mice and rabbits and have 
revealed no evidence of impaired fer*: *. , «+ harm to the fetus due to Stado! at aout 
2.5 to 5 times the human dose. "1 


Usage in Labor and Delivery: Safety to the motte. ^d fetus following administration of 


Stadol during labor has been es*a'.lished. Pa! — .. "eceiving Stadol during labor 

have experienced no adverse ef'c<ts otter thai. ose |. ~ with commonly used 
analgesics. Stadol should be us 2d with cautie” in i. MERI 
infants. v. Scu 
Usage in Nursing Mothers: The uss “Stacy! i 
infants is not recommended sire itio“ * 


human milk. Stadol has been used safe’ 
sequently nursed their infants. 


Usage in Children: Safety an: effieacy i^ >> "Idren be «' ars aveno been 
established. 

ADVERSE REACTIONS— The mes: irequent adverse reactions © SC ^ itiente trea ed 
with Stadol are: sedation (503, 40%), nausea (82, 6%), clan; mv. v- sint (75, +% 
Less frequent reactions are: headache (35, 3%), vertigu (23, 354. fl^ dfe 

3%), dizziness (23, 2%), lethargy (19, 2%), confusion (13, 1%), hy t ; 


Other adverse reactions which may occur (reported incidence o- ^sstha ^ie 
CNS: nervousness, unusual dreams, agitation, euphor:a, hali.^* ations 
Autonomic: flushing and warmth, dry mouth, sensitivity to colc 
Cardiovascular: palpitation, increase or decrease of oload pressie 
Gastrointestinal: vomiting 
Respiratory: slowing of respiration, shallow breathing 
Dermatological: rash or hives 
Eye: diplopia or blurred vision 
OVERDOSAGE— Manifestations: Although there have been r^ experiences of over- 
dosage with Stadol during clinical trials, this mav : jue to accidental or 
intentional misuse as well as therapeutic use ^ **« tne pharmacology o! Stadol, 
overdosage could produce some degree of respi:...o1ry depression and variable 
cardiovascular and central nervous system effe^ts 
Treatment: The immediate treatment of suspects? Stadol overdosage !s intravenous 
naloxone. The respiratory and cardiac status c; the patient should be evaluated 
constantly and appropriate supportive measu'-« instituted, such as oxygen, intra- 
venous fluids, vasopressors and assisted or controlled respiration. 
HOW SUPPLIED—Stadol (butorphanol tartrate) u., ction for I.M. or I.V. use, is available 
as follows: 

NDC 0015-5644-20—2 mg per mi, 2-ml vial 

NDC 0015-5645-20—1 mg per ml, 1-ml vial 

NDC 0015-5646-20—2 mg per ml, 1-ml vial 

NOC 0015-5646-23—2 mg per ml, 1-mI Disposable Syringe 

NDC 0015-5648-20—2 mg per ml, 10-ml multi-dose viai 


IM Bristol Laboratories 
BRISTOL Division of Bristol-Myers Company 


Syracuse, New York 13201 


Some 
doors are 
meant to 

be open... 


Project HOPE is opening 
doors to children like these 
throughout the world. Since 
1960 HOPE has sent teams 

of physicians, dentists, 

nurses and allied health 
personnel to share with 
. developing nations their 
| medical skills and 
4 knowledge. 
- Give to: 
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For difficult irrubations 


anc! [CU inspections. 
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e |lluminat ial anatomy. 
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-or complete details contact American Optical, 
Scientific Instrum ent Division, Southbridge, 
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Pharmacologic doses of. corticcids + ‘ave been used.in 





the treatment of shock ur, (RSPO: Sive to Sorfvention here 
if adrenocorticai insu'ficiency exists or is suspected. 


Differences That Count | 

Hexadrol' phosphate inje ten is Tn 

in solution, it can be v ^e: 

preservative and iss} le 
The multi-dose vi 


tly fr 
Jom tempe: ura 
dmizes wasie. v. 





dexamethason^ sodium. pho 


BEFORE PRESCRIBING OR ADMINISTERINC. PLEASE CON- 
SULT COMPLETE PRODUCT INFORMATION, A SUMMAE Y OF WE 
WHICH FOLLOWS: F. 


ACTIONS—Glucocorticoids cause profound and v+..2d mets lic 
effects. In addition, they modify the body's imm: Ine rasponse i) 
diverse stimuli. 

CONTRAINDICATIONS—Systemic fungal infections—Hyper- 
sensitivity to any component. 

WARNINGS-In patients on corticosteriod therapy subjected 
to any unusual stress, increased dosage of rapidly acti: cor- 4 
ticosteroids before, during and after the stressful situation is @ 
indicated. Corticosteroids may mask some signs of irifection, 7 
and new infections may appear during their use. There may ES 
be decreased resistance and inability to iocalize infection 
when corticosteroids are used. Prolonged use of cortico- 





steroids may produce posterior subcapsular cataracis and "HEXADROL* 
glaucoma with possibi- damage to optic nerves and may PHOSPHATE 
enhance the establishinent of secondary, fungal or virai Nonsthason v 
ocular infections. T: e 


Usage In Pregnancy. Since adequat dn reproduc- 

tion studies have not been done with corticosteroids, the 
use of these drugs in pregnancy, nursing mothers or 
women of Chl potential requires that the possible 
benefits of the drug be weighed against the potential haz- 
ards to the mother and embryo or fetus. Infants born of 
mothers who nave received substantial doses of corticoster- 
oids during pregnancy should be carefully observen fot 
signs of hypoadrenalism. 

Average and large doses of cortisone or hydrocortisone car 
cause elevation of blood pressure, sali and water reterticn and 
increased excretion of potassium. Tnese effects are IESS likely to 
occur with the synthetic derivatives except when used in large 
doses. Patients with stressed myocardium should bs observed 
carefully and the drug a^ ninistered siowly sinte pre nature ver 
tricular contractions may occur with rapid adminieticti 
salt restriction and potass ~~ supplem entation may te necessär ier 


VAR. FEDERAL LAW PROMIBIS 
VIPOtSING wrriour PRESCHT 


100 mq 


ile, store and administer. Already 
3l. Hexadrol has benzyl alcoho! as a 


All co: 


NOT EC VA 
ZATION FROCEOURES SHOULD NOT BE UNDERTAKEN IN 

. PATENTS WHO ARE ON CORTICOSTEROIDS, ESPECIALLY 
IN HIGH DOSES BECAUSE OF POSSIBLE HAZARDS OF 
NCUROLOGICAL COMPLICATIONS AND LACK OF ANTI- 

BODY RESPONSE. 





serpes simplex for fear 2f 





used in pharmacologic doses, Hexadrol 
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ars will vary by order size but are usually lower for Hexadrol. 


it jate injection 


Sonate Injection USP 


“costeroids increase calcium excretion. 
E ON CORTICOSTEROID THERAPY PATIENTS SHOULD 
-CINATED AGAINST SMALLPOX. OTHER IMMUNI- 


The use of Hexadrol Phosphate Injection (dexamethasone 
sediurn phosphate injection, USP) in active tuberculosis 
shouid be restricted to those cases of fulminating or dis- 
seminated tuberculosis in which the corticosteroid is used 
for the management of the disease in conjunction with an 

appropriate anti-tuberculosis regimen. 

if corticosteroids are indicated in patients with latent 
tuberculosis or tuberculin reactivity, close observation is 
necessary as reactivation of the disease may occur. During 
prolonged corticosteroid therapy, these patients should 
receive chemoprophylaxis. 

Because rare instances of anaphylactoid reactions have 
occurred in patients receiving parenteral corticoste- 
roid therapy, appropriate precautionary measures 
should be taken prior to administratic:n, ec pecially 
when the patient has a history of allergy to any drug. 


PRECAUTIONS—Drug-induced secondary adreno. 
cortical insufficiency may be minimized by gradual reduc- 
tion of dosage. This type of relative insufficiency may 
persist for months after discontinuation of therapy; there- 
fore, in any situation of stress occurring during that period, 


he,mene therapy should be reinstituted. Since mineralocorticoid 
se. eton may be impaired, salt and/or a mir:ecalocorticoid shouid 
pe adi inistered concurrently. 

he:2:s an enhanced effect of corticostero —s in pa/ients with 
hypo! yroidism and in those with cirrhosis. 

"Ns List Tice y. Co: 


'Costeroids should be ‘is 2d cautiously in patients with ocu- 
2^ rneal perforation. 
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The 
lowest possible 
dose of corticosteroid 
should be used to control the 
condition under treatment, and when 
reduction in dosage is possible, the reduction 
must be gradual. 

Psychic derangements may appear when corticosteroids 
are used ranging from euphoria, insomnia, mood swings, per 
ality changes, and severe depression to frank psychotic rnanif. 
tions. Also, existing emotional instability or psychotic tendens 
may be aggravated by corticosteroids. 

Aspirin should be used cautiously in conjunction with corti... 
steroids in hypoprothrombinemia. 

Steroids should be used with caution in nonspecific ulcerst:v 
colitis, if there is a probability of impending perforation, abs ax se or 
other pyogenic infection, also in diverticulitis, fresh intestina! erias- 


tomoses, active or latent peptic ulcer, renal insufficiency, Pyperien- 


sion, osteoporosis, and myasthenia gravis. 

Growth and development of infants and children on prolonged 
corticosteroid therapy should be carefully followed. 

Intra-articular injection of a corticosteroid may produce sys- 

“temic as well as local effects. 

Appropriate examination of any joint fluid present is necessary 
to exclude a septic process. 

A marked increase in pain accompanied by locai sweiling, fur- 
ther restriction of joint motion, fever, and malaise are suggesiive of 
septic arthritis. If this complication occurs and the diagnosis of 

sepsis is confirmed, approrpriate antimicrobial therapy should be 
I istituted. 

Local injection of a steroid into a previously infected joint is to 
be avoided. Corticosteroids should not be injected into unstable 
joints. 

ADVERSE REACTIONS— 

Fluid and electrolyte disturbances: Sodium retention; Fluid reten- 
tion; Congestive heart failure in susceptible patients; Potassium 
loves; Hypokalemic alkalosis; Hypertension. 


Musculoskeletal: Muscie weakness; Steroid myopathy; Loss cf 
muscle mass; OSteoporcsis; Vertebral compression fractures; 
Aseptic necrosis of femoral and humeral heads; Pathologic frac- 
ture of lonc bones. 


Gastroir‘estinal: Peptic ulcer with possible subsequent perfor: 
tion anc nemorrhage; Pancreatis; Abdominal distention; Ulcerative 
esophagitis. 


Dermai:logic: Impaired wound healing; Thin fragile skin; Pete 
chiae 21d ecchymoses; Facial erythema; Increased sweating; May 
suppress reactions to Stin tests. 


Neuro'»5gicai. Convu's.ons; Increased intracranial pressure wth 
papillec^ma (sseudo” ‘or cerebri) usually after treatment; Ver 
tigo; Headac! € 


Endoc ‘ine: Menstrual irregularities; [.+.ciooment of Cushingoid 


Bu lop i((/8SSI0 3: 
Pty AA ir $ 
hildien; Second ary 

4d*enocortical and pitu.: 

unresponsiveness, tisu: ' times cf stress, as in trauma, 
sugery, or iness. Deu eased co t ;^vdrate tolerance; Manifesta- 
tions oí latent die»e'es mellitus; .. creased requirements for insulin 
or orai Hypeglycemic agents in diabetics. 

Ophiren E Aat Era. subcapsular cataracts; Increased intraocu- 
lar pressure G na; Exophthalmos. 

Meta^ dic: Sen ; "ve: trogen balance due to protein catabolism. 
Misce ilane3u.. -i 9erpigmentation or hypopigmentation; Subcu- 
taneous and cutaneous atrophy; Sterile abscess; Postinjection 
flare, followsna intra-articular use; Charcot-like arthropathy; Itch- 
ing, burning, tingling in the ano-genital region. 

DOSAGE ÆÐ ADMINISTRATION—For treatment of unrespon- 
sive shock sigh pharmacologic doses of this product are currently 
recommenced. Reported regimens range from 1 to 6 mg/kg of 
body weigtx as a single intravenous injection to 40 mg initially 
followed byrepeat intravenous injection every 2 to 6 hours while 
shock persists 

DOSAGE REQUIREMENTS ARE VARIABLE AND MUST BE 
INDIVIDUALIZED ON THE BASIS OF THE DISEASE AND THE 
RESPONSE OF THE PATIENT S. 

CAUTION-—Federai |. “ats dispensing without prescription. 
HOW SUPPLIED—5-cc (^ ; c) multiple dose vial, NDC #0052- 
0796-05; 1-ec (ámg/cc) viai, box of 25 “NDC # - 0052-0796-25; 
10-cc {10me/cc) vial (for intravenous or intramuscular use only), 
NDC + 9000-079710; 


i-cc (4mg/ sc) Prefilled Disposable Syringe (for intravenous or 
intramuscuee: use only} NDC +005 = once 
Hexadrol IS venis ile in two potencies, 4mg/cc and 10mg;/cc in 
aqueous sGuiion with 1% dei + as preservative. 
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When 1 N it... Hexadroi Has It! 
When. fou eed i TINY exa ro as 
P art Organon Pharmaceuticals 
a. 7 ong ^ Division of Organon Inc. 
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More widely investigated than any other inhalation anesthetic. 
Association with !:epatotoxicity extremely rare. 


Risk of liver toxicity from the use of FLUOTHANE® 
(halothane, U.S.P.) has been shown to be extremely 
rare. Unexplained jaundice following anesthesia with 
halothane "... was a rare occurrence (approximately 
1:30,000 administrations) and. ..the overall safety record 
of the anesthetic was excellent." 





These are conclusions drawn from the United States 
National Halothane Study, a comprehensive retrospec- 
tive analysis covering 856,000 general anesthes:as— 


nearly one-third using FLUOTHANE. 


On the basis of postoperative morbidity for gil types 
of operations, including high risk, the incidence icr — g 
FLUOTHANE was 1.8796... compared with the ef 93% 


average for all anesthetic procedures.** 





Over 450 million administrations worldwide. 
More anesthesiologists throughout the wg LC choose 
FLUOTHANE more often than any other inhalation anes- 
thetic. To date, there have been well over |} » millia 
administrations in the United States alone... for a wide 
variety of procedures and techniques in patients | es 
ot all ages. 


References: |. Brown, B.R.. and Sipes, .G.: C 





(halothane U. S P) 
the most widely used inhalation 
anesthetic in -he world 


* See following nage for full prescriE ng intermatic i 
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for patients of any age PF 





in almost any kind of surcar ; 


(Complete text of package circular.) 
Description. FLUOTHANE, brand of halo- 
thane, U.S.P, is an inhalation anesthetic. 
It is 2-bromo-2-chloro-1, 1, 1-trifluoro 
ethane and has the following structural 
formula: 








F Br 
ks 
F C —C CI 
P d 
F H 


The specific gravity is 1.872-1.877 at 
20° C, and the boiling point (range) is 49° 
C-51° C at 760 mm Hg. The vapor p. = 
sure is 243 mm Hg at 20° C. The ..»od/ 
gas coefficient is 2.5 at 37? C, and the 
olive oil/water coefficient is 220 at 37° C. 
Vapor concentrations within ane-+tFetic 
range are nonirritating and have a p'eas- 
ant odor. FLUOTHANE is nonflarriit.aole, 
and its vapors mixed with oxygen iin 2ro- 
portions from 0.5 to 50 per cent (wv) re 
not explosive. 

FLUOTHANE does not decompo: = in 
contact with warm soda lime. W!_.. mois- 
ture is present, the vapor attack. alumi- 
num, brass, and lead, but no: copper. 
Rubber, some plastics, anc similar mate- 
rials are soluble in FLUOTHANE; such ma- 
terials will deteriorate rapi y in contact 
with FLUOTHANE vapor or liquid. Stability 
of FLUOTHANE is maintained by the addi- 
tion of 0.01 per cent thymol (w/w), and 
storage is in amber colorec bottles. 

FLUOTHANE should not be kept indef- 
initely in vapor zer bottles not specifically 
designed for its use. Thvmol does not vol- 
atilize along with FLUCTHANE, and there- 
fore accumulates in the vaporizer, and 
may, in time, impart a yellow color to the 
remaining liquid or to wicks in vaporizers. 
The development of such discoloratici 
may be used as an indicator that the va- 
porizer should be drained anc cleaned, 
and the discolcred FLUOTHANE dis- 
carded. Accumulation cf thymo! may be 
removed by washing with diethyl ether. 
After cleaning a wick or vaporizer, make 
certain all the diethyl ether has been re- 
moved before reusing the equipment to 
avoid introducing ether into the system. 
Actions. FLUOTHANE is an inhalation 
anesthetic. Induction and recovery are 
rapid and depth of anesthesia can be ag 
idly altered. FLUOTHANE progressive:! 
depresses respiration. There may be 


tachypnea with reduced tidal volume and 
alveolar ventiladon. * LUOTHANE 
(halothane, J.S € is not an irritant to the 
respiratory tract, 21. ro i'izrease in sali- 
vary or bronchia! zec:evons ordinarily oc- 
C. rs. Pharyngeai and iar yngeal reflexes 
are rapidly obtunded. !! causes br@achodi- 
lation. Hypoxia, acidosis, or apnea may 
develop during deep anesthesia. 
FLUCTHAWE reduces the blood pres- 
sure, anc TEYWelicy Gecreases the pulse 
rate. T} ?77e-*^- the concentration of the 


dru. tle * these changes be- 
tr; “9 brady- 
ditis ray e the 

releas sc of Oa ergic 
stores. Fi. OT 
of the ves P s 
riübictos. | 
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„al nl À/ dissociation, verity. uias 
Xtras, sic'es ary asystole. FLUOTHANE 
sensitizes the mvocardial conduction sys- 
tein s © action of epinephrine and 

diocl €phrine, and the combination may 

e serious cardiac arrhythmias. 
Fl | n STHANE i Increases cerebral spinal 
fluid pressure. FLUOTHANE produces 
moderate muscular relaxatiori. Muscle re- 
laxants are used as adjuncts in order to 
maintain lighter levels of anesthesia. 
FLUOTHANE augments the action of non- 
depolarizing relaxants and ganglionic 
blockiiig agents. FLUOTHANE is a potent 
uterine relaxant. 
Indications. FLUOTHANE is indicated for 
the induction and mainteneéi ^e of general 
anesthesia. 
Cont'aindications. FL UOTHANE is not 
recommended for obstetrical anesthesia 
except when uterine relaxetion is required. 
Warnings. When previous e«posure to 
FLUOTHANE was followed by :inexplained 
jaundice, consideration should be given to 
the use of other agents. 

FLUOTHANE shou'4 be used in vapor- 
izers that permit a reasonab'e approxima- 
tion of output, and preferably of the cali- 
brated type. The vapcrizer should be 
placed out of circuit in closed circuit re- 
breathing systems: otherwise overdosage 
is difficult to avoid. The patient should be 
Closely observed for signs of overdosage, 


l.€., densan of blood pressure, pulse 


rate, < "^^ particularly during 






&. 


assisted or controlled ventilation. 

Usage in Pregnancy. Safe use of 
FLUOTHANE (halothane, U.S.P.) has not 
been established with respect to possible 
"verse effects upon fetal development. 
"erefdfé, FLUOTHANE should not be 
used in women where pregnancy is possi- 
ble and particularly during early preg- 
nancy, unless, in the judgment of the 
physician, the potential benefits outweigh 
the unknown hazards to the fetus. 
Precautions. The uterine relaxation ob- 
tained with FLUOTHANE unless carefully 
controlled, may fail to respond to ergot de- 
rivatives and oxytocic posterior pituitary 
extract. 

FLUOTHANE increases cerebrospinal 

"ressure. Therefore, in patients with 
"^'eed intracranial pressure, if 
'ndicated, administration 
1 by measures ordinari- 
“ebrospinal fluid pres- 
s -a carefully as- 
sessed, ai.. '^ assist 
or control venu. 
oxygenation and cae. JL. 

Epinephrine or norepinephrine snould 
be employed cautiously, if at all, during 
FLUOTHANE anesthesia since their simul- 
taneous use may induce ventricular 
tachycardia or fibrillation. 

Nondepolarizing relaxants and gangli- 
onic blocking agents should be adminis- 
tered cauiiously, since their actions are 
augmented by FLUOTHANE. 

Adverse Reactions. The foliowing adverse 
reactions have been reported: hepatic 
necrosis, cardiac arrest, hypotension, 
respiratory arrest, cardiac 2 rhythmias, 
hyperpyrexia, Shivering, nausea, and 
emesis. 

Dosage and Administration. FLUOTHANE 
may be administered by ihe nonrebreath- 
ing technic, partial rebreathing, or closed 
technic. The induction dose varies from 
patient to patient. The maintenance dose 
varies from 0.5 per cent to 1.5 per cent. 

FLUOTHANE may be administered with 
either oxygen or a mixture of oxygen and 
nitrous oxide. 

How Supplied. No. 3125—Unit packages 

of 125 ml and 250 ml of halothane, U.S.P, 

stabilized with 0.0196 thymol (w/w). 

Ayerst Ayerst Laboratories 7918 
| New York, N.Y. 10017 
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__ Sometimes the difference is the branc of 
_ endotracheai tube being used. That's > hy 
Bh, so many medica; professionals pv eir 
trust in the Portex Soft-Seal Profile Cui. It 
features high volun:=, low pressure and less 
bulk for easier in. ¿bation and extubation. 
The Profile Cuff. it’s one more reason you 
should turn to Porte x when caring is critical. 


ison the line, . 










"And the Soft-Seai” ‘FE Cutf is one reason why. 


€ Larger area of old shape has 
much more contact with tracheal 
wall, thus more potential for 
tracheal wall irritation. 

® Rectangular shape less stable, 
more possibility of undesirable 
movement of tube. 





@ New Profile shape greatly 
reduces area of contact with 
tracheal wall with less potential 
for tracheal wall irritation. 

@ Profile design offers greater 
stability, minimizes undesirable 
movement of tube, decreases 
possibility of “angling” of tip 
against sensitive tracheal wall. 





@ Less bulk when deflated. 
Streamline shape greatly aids 
intubation and extubation. 
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Remove t^e Block Yourself 


Reverse wiih 
REGONO oyridostigmine bromide 


Regonol rapidly restores full neuro: nuscular transmission. 
It produces fewer oropharyngeai secretions and less 
bradycardia than neostigmine. 












Brief Summary (Please consult full package inset enclosed :» avery radical, á “sin rash may be seen in an occasional patient. Such reactions 
package, before using Regonol) usually «: side promptly upon discontinuance of the medication. Throm- 
oophleb : has been reported subsequent to intravenous ad:n nistration. 


INDICATIONS—Regonol (pyridostigmine bromide) is useful 4s 2 reversa! DOSA,  \ND ADMINISTRATION—Prior or simultaneous ac nistration of 


agent or antagonist to nondepolarizing muscle relaxants ‘rr “Ae lfate (0.6 to 12 mg; iV) is recommended to minii ize the side 

CONTRAINDICATIONS -Known hypersensitivity to anticholinesterase . essive secretions, bradycardia). Usually 10 or 20 nj of pyridos- 
i TC D im E H " ; M & . P 

agents; intestinal and urio- "y obstructions of mechanical type mide will be sufficient tor antagonism of the efiects of the 

i rg ‘izing muscle relaxants. Although full recove:; " nay occur within 

WARNINGS— Use with pa cular caution in patients with bronchial asthma cr 15 n . in most patients, others may require a ha“ hour or more 

cardiac dysrhythmias. ‘ra. sient bradycardia may occur and be relieved Cy Satis) » reversal can be evident by adequate voluntary respiration, 

atropine sulfate. Atroonri should also be used v. th caution in patients vv th QSDI; 3easurements and use of a peripheral nerve stimulator device. It 

cardiac dysrhythmias Sesause of the possibility of bypersensitivity ip on S reco ided that the patient be well ventilated and a patent airway 

occasional patient. atrozrio and ar düzPock medicaron should always oe naive, : intil complete recovery of normal respiration is assured. Once 

readily available. -^üste'i)'. eversal has been attained, recurarization has not been reported. 

Usage in Pregnancy- ih: safety of oyridostigmine bromide during preg- Fálhun pyridostigmine bromide to provide prompt (winn 30 minutes) 

nancy or lactation in mans has not heen established. Tnerefore its usein ^ "CS?! y occur, e.g. in the presence of extreme debilitation, carcinoma- 

women who are pregñart requires w. Jhing the drugs potentia! benefits — 1/95. Cr v. th concomitant use of certain broad spectrum antibiotics or 4 

against its possible he. arcis to mother and chi'd. er estnotir agents, notably ether. 

ADVERSE REACTIONS- “ice effects area moc! commoniy related to over CAUTION - “ederai law prohibits dispensing without a prescription 

dosage and generally € of two varieties, Muscarinic and nicotinic Among HOW SUPP: IED—Regonol is available in: 2 ml ampuls—5 mg, ml boxes of 10. 

the former group aic nausea, vomiting, darhea, abdominal cramps DC =005 3460-10 

increased peristalsis, v: (eased : ^ oto in sceased brenchial secretions Police Rade : 

miosis and diaphores;s. icr tinie ^ = et oso s ceanprised chiet.; or inuse'e Organon Pharmaceuticals 

cramps, fasciculatic = "awal 5 “ri $e effects can usually oe Organon A Division of Organon Inc. 

counteracted by a’... As aiy Com oone containing the oranmde 
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calculator. Cardiac index (CI), stroke volume ‘aacy 
(SVI), left ventricular stroke work index (LVS' WI), 
systemic vascular resistance (SVR), and pulmo .a-y 
vascular resistance (PVR) are rapidly computed {<30 
seconds) by sequentially pressing calculator keys A 
to E. The time required to obtain one column of data 
(exclusive of blood gases) is dependent upon the 
number of cardiac output determinations performs 

If cardiac output is determined in duplicate, < 


complete profile can be obtained in appr ‘imate y 4 
minutes. 
Further insight regarding veniriciiar eer :cmance 


can then be obtained by plotting lefta Ve. ocular stroke 
work index (LVSWI) and the <4 
nary capillary wedge pressure 


curve) (Figs 1 (right) and ies s atient, 
d i » be im- 


analysis of other derived ~~ 
The following abbreviated « 






portant to diagnosis and mar 
onstrate 


Hemodynamic Tre, 


à a x 
Name JP I 3 4 as ty. ass Groft 
Unit No. O22 - 24 - 56 ef^ y A ; E. 5 ^ 











































































































Age 50 = ae Weight 62 ky es: we — 
Previous History 80 mq TID, Niropas! _Hyps 
Meds = Prongnolol 80 itropaste prn, mr» 4 4 e Sg TID 
Cardiac Parc 14 apres 4 J 
CRS VERIO? © oes Pra) | oon Sod mà "ue = Sternotomy E ee 
‘TIME | 0900 | 1345 P i415 150. |. 1518 = 
co 3.1 2.50 3 36. | 850 ^ 424 
[P " | 80 | NE iex ES. 70 
BPS/D/M X 1128/70/90 165/83 — v 07 22/05. 
PAP S/D/M 30/14/20 45/1€  — ^46 | 67/2/34 
ea l4 15 21 
| RAP(M) | 7 | 8 | wwe PI ua 
| FiO, — jMsdPrmg:2L — 8 — 0$ IM LO Hsc 
ART pH 7.36 KATY 7.22 7.36 
| PCO, 30 [|^ à E | 358. 
PO, e s | 143; d 350 
saT 88 | 366 $84. | 1^^ 
BE NR | -74 | oe a e 
VEN pH T3) | ERF eee | T.32 
| PCO, 37 | 4p" EAI VE 4 1 
Po, — 32 $4 1: sag] se 
% SAT 62 382 j 85 85 
HCT | 34 Yl EN "An: | 32 4 
Qu 0 NC | NC | ing j|. NC NC | 
Wh. Blood (cc) Total (0) (0) o 200 200 
Pkd. cells (cc) (0) T 0 i ro rs E 0 ug Oo 
ALBUMIN (gm) o | o | os. <a> | o - 1 
| EF Plas. (units) | o | o | or | FOs -0 | 
FLUIDS (cryst)Jool NR | © | 100 |. 450 175 
URINE Total O O- | 3757517 -135 | 150 
E 4 187 | 5i too» k 2w [ 255 | 
SVI 31.1 24.7 30.1 30.1 (440 | 
LVSWI 322 | 326 23.3 | 16.4 56.3 | 
SVR 444 69.1 30.2 | 266 39.2 
PYR 3.2 80 4.0 6.6 5.1 








FiG 2. Hemodynamic Tracking Profile for Case 2: (left) side A 
(right) side B (see text). Abbreviations are the same as in Fic 
H, halothane; NR, not recorded. (Side B modified from Ross J 
Jr, Braunwald E: The study of left ventricular function in nan: by 
increasing resistance to ventricular ejection with angiotensin. 
Circulation 29:739, 1964. By permission of the Americen Kear? 
Association, Inc.) 


ine use of the hemodynamic tracking. ‘stem in two 

pevients with mitral insufficiency. Alth: igh each pa- 

tiov ieveloped an acute increase in PC. VP, the clin- 

ic r:;nagement was different based upon data ob- 
: from the hemodynamic profiles. 


Case 1 


-a -old woman with a diagnosis of coronary artery 
2--/4 intermittent mitral regurgitation (second- 
--»ary muscle dysfunction) underwent coronary 
artery bypass surgery. The hemodynamic tracking profile 
‘tg 1) contains the original and derived data obtained 
curing the cardiac catheterization and anesthesia. For sim- 
v'icity, point 1 (cardiac catheterization) and point 2 (pre- 
induction) are included o iy in the LVSWI plot. Following 
induction (point 3) and »- (point 4) the patient was 
ws ed stable. Shortly after incision (enflurane 3%, N2O/ 
«, 2/2), "v^ waves were noted in the pulmonary capillary 
wedge tracing (point 5), Review of the data obtained with 


^ 06 
(9 
aise 






Graphic 


Hemodynamic Tenn Profile 


"e EET TT 
al ET: 











10 IS ! 25 X. 35 
PCWP (x, 4g). 
jm ARO? e F GROUP I GROUP i"? 
| fetid Normal vehi ‘ Mildly step gsogc Markedly àcrressed 
| doi USUS S (ij. ventricular i ction (Nw. | ventricular function 
jie tte : f ? 1 
CL. 








ANESTHESIA AND ANALGESIA 
Vol 53, No 3, March 1980 


171 





HEMODYNAMIC MONITORING 


the hemodynamic tracking system, revealed a decreased 
cardiac output, an increased pulse rate, with a slightly 
increased mean arterial blood ‘pressure and a markedly 
increased pulmonary capillary wedge pressure. Analysis of 
the derived indices revealed that cardiac index was main- 
tained by a compensatory tachycardia, since the stroke 
volume index was decreased. The decreased stroke volume 


in conjunction with the elevated PCWP resulted in a sig- pm 


nificant decrease in left ventricular stroke work. The key tb , measurement, the directional changes of the ventric- 


the successful management of this problem was the knowl-  ular function curve are also an important estimate of 


edge that the systemic vascular resistance was elevated in 
conjunction with altered cardiac function. Since the sys- 
temic vascular resistance was elevated (35.3 resistance units 
(RU)), an infusion of sodium nitroprusside was begun. The 
concentration of enflurane was decresseq to 196 to reduce 
the myocardial depression associated wit the anesthetic. 
The PCWP decreased to 11 mm Hg with a $ edi improve- 
ment in ventricular performance (point 6): ? However, SVR 
was still elevated; 







pam nitroprussidé infusion. and en- 





A 50-year-old woman with. a diagnosis of coronary aj tery 
disease and 1+/4 mitral regurgitation (secondary to mitral 
valve prolapse) underwent coronary artery bypass surgery 
The hemodynamic tracking profile (Fig 2) lists the.pertine 
physiologic data and derived variables. Following induction, 
anesthetic maintenance consisted of halothane, nitrous ox- 
ide/oxygen (2/3) and pancuronium. Due to blood loss, a 
slow transfusion (200 ml) was begun just prior to sternot- 
omy. Immediately following sternotomy the PCWP rapidly 
increased to 32 mm Hg (point 4). In this case, the increased 
PCWP was accompanied by a slight increase of the cardiac 
output and pulse rate. Mean arterial blood pressure was 
maintained. Analysis of the derived variables revealed an 
increased PCWP accompanied by a decreased LVSWI: This 
is consistent with deteriorating left ventricilar performance. 
Since SVR was only slig htly elevated (26.6 RU), inotropic 
stimulation (CaCl, = 
dilator therapy. Acidemia (base excess = 
treated with sodium bicarbonate, 70 meq These interven 





tions resulted in a ws improvement in ventricula- - 
). Cardiopulmonary t ypass was insti- ee 


perfor.nance (Go int 5 
tuted shortlv erata and the remainder ..? the procedure 
was uneventfe , ui. 
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ns urvationus of changes in cardiovas- 
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i g} was employed, rather than vaso- - 

-11 meg/L) WS 
; derived from data obtained under controlled condi- 
‘tions during cardiac catheterization. We have in- 





pressure are important. However, these do not render 
a complete "view" of the circulatory system. We 
believe that assessment of ventricular performance, in 
addition to CI, SVR, and PVR, and the response to 
therapy, is the foundation for sound physiologic man- 
agement in the critically ill patient. 

Although cardiac output itself is a useful circulatory 


the integration of cardiac performance." In a clinical 
setting, sophisticated indices of ventricular perform- 
ance are na tinely available. Ventricular func- 
: .à good means of quantitating 
eart..; This is due in part to the 
xes of the ventricular func- 
lated to the major symp- ` 
nts with heart disease.’ As the 
filling £ lei Atri E uM rises, the 















At low 
signs € 








t when Cl« or r SVI are did on 
ricular function curve. Thus, 
dex, the ventricular function 
eful framework for relating 
observations. Usually a left- 
l f the ventricular function 
curve has been regarded as an improvement in ven- 
tricular performance. In contrast, a shift down and to 
the right (group HII) has been interpreted as a deteri- 


. gration of ventricular pe ormance. 


Ross and Braunwald? constructed ventricular func- 


“tion curves relating left ventricular filling pressures 
and left ventricular stroke work index. From these 


data they described three cíasses of ventricular func- 
tion: normal function (group J), mildly depressed 
ventricular function (group II), and grossly depressed 
ventricular function (group lll). These curves were 


cluded these groups for "background" information so 


"that the user may know the range of normal and 


abnormal ventricular function (Figs 1 (right) and 2 
(right)). 

In addition to changes in contractility, many inter- 
ventions can also produce shifts of the ventricular 
function curve by alterations in preload, afterload, 
heart‘rate, and ventricular compliance.* " Therefore, 
strok^ volume, stroke work, and other ejection phase 
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measurements cannot be used as direct indices of 
contractility. Rather, these ejection phase indices can 
be useful in assessing directional changes in left ven- 
tricular function. This is especially important since in 
a given patient, one cannot be certain whether increas- 
ing cardiac contractility with inotropes (case 2) or 
reducing afterload with vasodilating agents (case 1) 
will be most efficacious. The hemodynamic tracking 
system helps evaluate a cardiovascular abnormality 
and rapidly analyze the response to therapy. 

The programmable calculator offers high-level 
computational power inexpensively | F E 29 
cost = $210 to $300). It frees the {ù ith SiO 
the necessity of memorizing a a à re j 
physiologic formulae duri g cf ic 
dition, operator error is redu. © ince € 
numbers have to be entered? er than fighting 
through a maze of formulae a c "Ls Although we 
chose five indices of cardiov.scul 
which reflect acute changes. 5» d ai amenable to 
clinical management, other ~ ^ əs ca be easily in- 
serted into the program to” iue p. rticular needs 
of the clinician. NE uy. 













Modifications in patient t ir ot likely to 
succeed if they lead to more a & ^^ nosis and a 
more stringent evaluation of the, the operating 


room, data management shou! d e Sa le, rapid, and 
inexpensive. The hemodynamic track ^g systern fits 
all three criteria. gr 
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Appendix 1 


Mathematical Computations Executed by the - 
Hemodynamic Program 


BSA = Ht(cm)"^? x Wt (kg) *? x 71.84 x 1974 
CO 
E = —— = y 
BSA L/min/m? | 
(normal = 3.0 + 0.5 L/min/in’) 
CI 2 
SVI di: es ml/beat/m? 


(normal = 40 + 7 ml) 


(BP — PCWP)(SVI\(. 0136) 
: = g-m/m”, /beat 
(normal = 35 — 85 g-m/beat/m* 


Ts 


LVSWI 





performance 












BP — RAP 
SVR. = — > RU 
(normal = 22 + 4 Rv) 
PVR = PAP — PCWP Z RU* 
CI 
5 (normal = 2 + 1 RU) 
where: 
BSA = Body surface area 
Ht = Height 
Wt = Weight 
CI — Cardiac index 
CO = Cardiac output 
Poi = Prise te | 
SVI = © roke volume index 
LVSWI = ~ +t ventricular stroke work index 
SVR = Systemic vascular resistance (index) 
BP . Mean systemic blood pressure 
PVR = Pulmonary vascular resistance (index) 
RAP = Mean right atrial pressure 
PAP % = Mean pulmonary arterial pressure 


_ Mean pulmonary capillary wedge pres- 
|. sure 


1 Ta fo conven t to dynes/sec-cm ^ multiply by 79.9. 


L T3 d 


Appendix 2 


User Instructions for Hemodynamic Profile 





Step Procedure Enter Press Display 
1 Enter program i 1. 
2 Enter weight in kg WT 2nd A 0 
or in pounds 2nd A, R/S 
height in cm HT 2nd B BSA 
or in inches 2nd B, R/S _ BSA* 
3 Enter body surface BSA STO 01 BSA (môt 
4 Enter cardiac output CO STO 02 CO (L/min) 
5 Enter pulse rate E STO 03 P (beats/min) 
6 Enter mean blood BP STO 04 BP (mm Hg) 
pressure E. [y 
Enter mean PA? PAP STO 05 PAP (mm Hg) 
Enter mean PX WP PCWP STO 06 PCWP (mm Hg) 
» Enter mean right RAP STO 07 RAP (mm Hg) 
arterial pressure E 
Compute CI A. CI (L/min/m*) 
1 Compute SVI B S VI (ml/m*/beat) 
12 Compute LVSY/I C LV3WI (g- -m/m°/ 
e beat): - i 
i3 Compute SV?’ VR (RUT. 
14 Compute PV “vR R 


* To obtain BS/. for inches, the <al ` inches is entered and 
2nd B is pressed. Ti e display will th. . Jm" termediate result 
(not BSA). BSA i: obtained bv " E S. BSA will be 
displayed and autc atically stored (, 

T If already kne n BSA can be 
register (STO 01) ^ ep 3). 

t Indexed resist. nce units are 
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VIEIRA, E., CLEATON-JONES, P., AUSTIN, J. C., Moyes, D. G., AND SHAW, R.: Effects of low 
concentrations of nitrous oxide on rat fetuses. Anesth Analg 59:175-177, 1980. 


The long-term inhalation of air pol jted with nitrous oxide has been implicated in spontaneous 





personnel. Studies with 1% and 0.5% N20 


€ ct ts of dilute concentrations of N20 in pregnant rats. The 


present study was designed to determine the threshold concentration of nitr 
necessary to produce adverse responses in pregnant rats. Wistar albino rats 
environmental chamber and conception confirmed by vaginal smears. Imm 


exposed for 19 days to oil-free compressed air in an environmental cham 
8.5 air changes per hour. Experimental animals were exposed continuous! 
conditions to concentrations of 0.0, 0.1%, 0.5%, or 0.025% N20. On dey 19 the g 


us oxide | 

were mated in an 
ately thereafter, 
ol rats were 

a flow rate of 


r identical 
i id rats 












were killed. The corpora lutea of pregnancy were counted and related to the nu nper ol 
fetuses in the uterus. Fetuses were fixed, cleared, and their skeletons staing > pos vith alizari 





Key Words: ANESTHETICS, Gases: nitrous oxide; TOXICITY, Trace cancentrations; PREGNANCY: abortion and 


teratogenicity. 





HE LONG-TERM inhalation of air polluted with 

anesthetic gases has been suggested as a cause of 
spontaneous abortions and fetal abnormalities in hu- 
mans." * One of the anesthetic gases thought to play 
a significant role is nitrous oxide; it has been shown 
to have teratogenic effects in chick embryos and to 
have an adverse effect on pregnant rats.*? The present 
study was undertaken to study the effects of the 
continuous exposure throughout pregnancy of rats 
exposed to 0.1% (1000 ppm), 0.05% (500 ppm), or 
0.025% (250 ppm) nitrous oxide/air mixtures (v/v) in 
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an attempt to define the threshold level of nitrous 
oxide necessary to produce adverse effects in pregnant 


rats. 


Methods and Materials 


There were 48 Wistar strain female albino rats 
weighing 150 g each used in the study. They were 
assigned at random to a control group and to three 
experimertal groups of 12 rats each. All were housed 
in plastic cages with mesh floors in two environmental 
chambers supplied with oil-free air from a diaphragm 
compresscr. The control group was exposed to air 
only and the experimental groups to 0.1%, 0.05% or 
0.025% nitrous oxide in air (v/v), respectively. The 
study was performed in two stages, since there were 
two environmental chambers, and before each stage 
the rats were acclimatized for 7 days in the chambers, 
during which periods only air was supplied. 

Wistar albino female nulliparous rats were mated 
in the environmental chambers by placing, them over- 
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FETAL TOXICITT- PU. NITROUS OXIDE 


night together with a male rat, in the breeding ratio of 
one male to four females per cage. Each morning 
vaginal smears from each female were examined mi- 
croscopically for the presence of spermatoza. This 
indicated that mating had occurred the previous eve- 
ning. Since mating in the rat only occurs during a 
short 12-hour estrus period, evidence of mating may 
be used to assume that conception had taken place. 
The gestation period of the Wistar albino rat is 19 to 
21 days. 

Groups of 12 mated rats were placed in the envi- 
ronmental chambers and the nitrous oxide was added 
to the air supply by means of a calibrated flow meter 
to the required concentration. Three times during the 
experimental period nitrous oxide concentrations 
were monitored by gas sampling from the rat cages 
and their levels were determined with a katharometer 


in a Pye Unicam gas chromatograph. The N;O levels | 
closely approximated the required concentrations and 


were equal at each cage level. Temperature and hu- 


midity were controlled by setting the inflow rate of 
gases at a level adequate to produce 24 changes per- 


hour. This maintained the environment in the.cham- 
bers within reasonable limits for the comfort and 
health of the animals. A commercial cubed rat diet 
(Epol rat cubes) and water were available ad libitum 
to all the animals during the acclimatization and 
experimental periods. 

The mated rats were continuously exposed to the 
gases except for a brief 10-minute period each day 
when the environmental chambers were opened to 
remove feces and urine and to replenish food and 
water. The positions of the cages in racks within the 
chambers were rotated daily to ensure that any cham- 
ber effects that might have been related to cage po- 
sition were evenly imposed on all the rats. No differ- 
ence in the food and water consumption between 
control and experimental rats was noted during the 
experimental period. 

The rats were killed on day 19 of their pregnancies 
by carbon dioxide administration. The abdominal 
viscera were exposed and detailed examination of 
ovaries and gravid uteri were carried out using a 
dissecting microscope. The number of corpora lutea 
of pregnancy was counted by surface examination 
and compared with the number of fetuses present. 
When these did not correspond the uterus was ex- 
amined for involuting placentation sites, which indi- 
cated that fetal resorption had occurred during preg- 
nancy. The fetuses from each rat were sexed by 
external characteristics, and each fetus was examined 
externally and internally using a dissecting micro- 
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scope. They were then fixed in 1096 formol saline, 
cleared in 0.5% potassium hydroxide, and stained 
with alizarin red for a systematic examination of the 
fetal skeletons. Anatomical variations were noted. 
When variations were found the fetuses were com- 
pared with their littermates and with litters belonging 
to the control group. Crown-rump measurements 
were made of each fetus. 


Statistical Analysis 


The experimental format was planned as a two-way 
nested design. The statistical analysis of fetal weights 


_ and crown-rump. measurements thus comprised an 
analysis of varianc ; based on this design. For litter 


size, fetal resor stion, and skeletal malformations the 
Student’s t-tes ire test, and Fisher's exact 
probability test w , respectively. 







A total of 424 fetuses were produced by the four 
groups of rats; 120 in the control group; 66 in the 
group exposed to 0.1% nitrous oxide; 118 in the group 
exposed to 0.05%; and 120 in the group exposed to 
0.02596 nitrous oxide (T able). 

The litter size in the group of gravid females breath- 
ing 0.1% nitrous oxide was almost half that compared 
to the control group and the other two experimental 
groups. This difference was statistically significant at 
the 0.01% level. 

Fetal resorption occurred in the group exposed to 
0.196 nitrous oxide where four of the 12 dams each 
showed resorption of one fetus. This was statistically 
significant at the 0.01% level. No fetal deaths or 
resorptions were found in the control group or the 
dams exposed to 0.05% or 0.025% nitrous oxide. 

Crown-rump measurements of fetuses from dams 
exposed to 0.196 nitrous oxide were significantly less 
than comparable measurements in fetuses of the con- 
trol group and in the groups exposed to 0.0596 or 
0.025% nitrous oxide ( p « 0.05). In contrast, however, 
no significant difference was found between body 
weights of fetuses of the control and of any of the 
experimental groups exposed to nitrous oxide. No 
abnormalities of internal organs and no skeletal 
anomalies were observed in any of the fetuses in the 
control group or in the groups exposed to 0.0596 or 
0.02596 nitrous oxide in air. Skeletal abnormalities 
were found only in the group exposed to 0.1% (p « 
0.05). These abnormalities were in the form of rib 
malformations and abnormal vertebrae columns. 
There was no significant difference in the male:female 
ratios. 
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Litter Size, Crown-Rump Measurements, and Fetal Resorptions of Control anc Experimental Groups of Rats 





TABLE 
Litter size* 
n Range Means + SD 

Compressed air 

Control 12 9-13 11.324 1.4 
Nitrous oxide 

0.1% 12 3-9 6.3 + 4.0 (p < 0.0011) 

0.0596 12 9-13 11.0 + 1.4 (NS§) 

0.02596 12 8-13 11.3 + 1.3 (NS) 


Crown-rump measurements (mm) Resorptions 


Range Means + SD nt No. of resorptions 
32-50 3441.4 120 None 

30-45 35 + 1.6(p«0.052) 66 4(p«0.0011) 
32-50 43 + 1.3 (NS) 118 None (NS) 
32-50 43 4 1.4 (NS) 120 None (NS) 


* Numbers of fetuses in n = the number of pregnant rats studied. 


t Number of fetuses studied. 


+ Significant difference between results observed in rats exposed to 0.1% '4;O and results observed in control rats and rats 


exposed to 0.05% and 0.025% N20. 


§ NS, no significant differences observed in control rats and in rats exposed t£» 0.05% and 0.02596 N20. 


Discussion 
The reduction in fetal number per litter in the 


group of rats exposed to 0.1% nitrous oxide was 
accompanied by fetal resorption, an observation 


which was confirmed by the fact that the number of . 


corpora lutea of pregnancy recorded in the ovaries of 
the rats corresponded exactly to the number of im- 
plantation sites found in the uterine horns. This find- 
ing suggests that the critical nitrous oxide concentra- 
tion that will cause fetal death and resorption in rats, 
when breathed continuously during pregnancy, lies 
between 0.0596 and 0.196. Fink et al? have reported 
that in rats and man there is a similarity in the 
susceptibility of the nervous and hemopoietic systems 
to depression by nitrous oxide, and they have sug- 
gested that studies of the effects of nitrous oxide in 
the rat may indicate possible effects of nitrous oxide 
in man. The results of our study, viewed in this light, 
suggest that the arbitrary threshold limit value of 30 
ppm (v/v), ie, 0.003% nitrous oxide, suggested by 


Whitcher & al’ may be well below the actual safety 
limits. Levels of nitrous oxide pollution higher than 
this may be innocuous to man, especially if personnel 
are only exposed intermittently, although this may 
depend on susceptibility of a fetus at various stages 
of pregnan-y. 
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| l 
We investigated the possibility that myocardial seyneray (dyscoordinate contraction) isa 
contributing mechanism to the impairment: of cardiac function produced by halothane. Coro- 
nary cineangiograms were performed:in seven dogs, awake and at 1, 2, and 3 MAC halo- 
thane. The relative motions between four arterial bifurcations (six segments) were plotted as 
an indication of changing ventricular dimensions. To quantitate ventricular asynergy, we cal- 
culated anisotropy (A!) and asynchrony (AS), the coefficient of variation of mean shortening 
(S) and of mean time to half shortening (Tso), respectively, of the six segments. From these a 


myocardial performance index (MPI) was derived: MPI = 


S/Al + Tso + AS. 


In general, S and MPI decréaséd with increasing halothane concentration. Anisotropy 
showed a trend, although usually insignificant, toward increasing, while AS did not change. 
These observations have two implications. First, asynergy of contraction contributes little, if 


anything, to halothane-induced impairment of myocardial performance. Second, changes in 
measurements of intact cardiac performance, such as dP/dtma., may be reasonably valid 
during halothane, provided loading conditions are taken into account. | 


Key Words: ANESTHETICS, Volatile: halothane; HEART: myocardial jac n 


ITH more than 200 papers attesting to the fact, 
it is well known that halothane depresses car- 
diac function. Several, often interrelated, mechanisms 
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could be responsible for this phenomenon in the 
intact animal! a direct myocardial depression via the 
contractile clement a decrease in energy synthesis or 
utilization; an effect upon the cardiac cellular mem- 
brane; a shift in myocardial Ca** concentrations; par- 
tial excitation-contraction uncoupling; central nervous 
system-mediated depression; decreased preload; and/ 
or increased asynergy of contraction. Each of these 
possibilities has been investigated except the last." 
We report such a study in dogs and conclude that 


asynergy of contraction has little, if any, influence on 


cardiac nem during halothane anesthesia. 


Methods and Materials 


Protocol 


Seven mo ree dogs, weighing 14 to 23 kg each, 
were oie on the basis of their ability to emerge 


| 
| 
| 


1 
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quietly from halothane anesthesia. These animals 
were then trained to lie still for at least 30 minutes 
following anesthesia. 

For the definitive experiment, each animal was 
anesthetized with 1% end-tidal halothane in Où, as 
determined by a Beckman LB-I infrared gas analyzer. 
An endotracheal tube was inserted without the aid of 
a neuromuscular blocking agent. Ventilation was con- 
trolled with a Harvard ventilator to maintain arterial 
pH between 7.37 to 7.43 and arterial Pco, between 31 
to 34 torr, as measured by an Instrumentation Labo- 
ratories 113-52 blood gas analyzer. 

The left coronary ostium was cannulated via the 
left femoral artery using a preformed polyethylene 
catheter (o.d. 2.4 mm). This catheter was left in place 
for the duration of the study. A unipolar electrode 
(Elecath) driven by a Medtronics 5800 pacemaker was 
inserted into the right atrium via the right femoral 
vein with ECG ground as the indifferent electrode. A 
trial pacing was performed in each animal during 
anesthesia at a rate equal to the "conscious control" 
rate. 

Single plane coronary cineangiograms were ob- 
tained in the left lateral projection using the 5" mode 
of a Phillips dual mode image intensifier, and a 35- 
mm Arriflex camera at 76 frames/sec on Kodak XX 
film. Single injections of 5 ml of meglumine diatri- 
zoate (Renografin-76) were used for coronary visual- 
ization. The cinefluorographic sequence was begun 
several beats before injection and continued until the 
contrast medium was cleared from the coronary cir- 
culation. Ventilation was held in the anesthetized 
animals at end expiration during contrast injections. 

After insertion of the catheters, the skin incision 
sites were infiltrated with 1% lidocaine. The anesthetic 
was discontinued and the animal hyperventilated so 
that it might tolerate the endotracheal tube for a 
longer period of time. When the animal finally ex- 
pelled the tube, the end-tidal halothane concentration 
was usually less than 0.25%. After the animal rested 
and breathed spontaneously for at least an additional 
10 minutes, and when heart rate and arterial pressure 
were steady for at least 5 minutes, measurements 
were taken, including a coronary angiogram. The 
animal was then reanesthetized and measurements 
repeated at 1, 2, and 3 MAC (1 MAC = 0.9%) end- 
tidal halothane in the dog. End-tidal concentrations 
were maintained for 15 minutes for each step. 


Analysis 


To determine relative motion between fixed points 
on the myocardium, bifurcations of the coronary ar- 


teries wer2 selected along the anterior and posterior 
interventr cular and marginal arteries (Fig 1). These 
branching points have been shown by Kong and 
associates~ to be relatively fixed in relation to the 
epicardial surface when compared with markers su- 
tured on the epicardium near the branching points. 
Hence, they act as radiopaque markers, but in a 
closed-chest preparation. With four points, six com- 
binations of points or myocardial segments are pos- 
sible. The relative motion between branching points 
during the cardiac cycle is a reflection of myocardial 
shortening along that axis. For example, branching 
points aloag the left anterior interventricular artery 
indicate longitudinal shortening, whereas motion be- 
tween the posterior interventricular and anterior in- 
terventricudar arteries would indicate circumferential 
or transvese shortening. 

Frame-by-frame analysis of the cine-films was per- 
formed on a Vanguard projecting film digitizer. Linear 
magnificat:on was 20 times, and the film plane reso- 
lution of he digitizer is 5 ym. Two independent 
readings were obtained for each point in each cine- 
frame. Moze than 12,000 frames were analyzed in this 
way. Distances between the Ith and Jth points were 
calculated sor each reading of each frame by a Fortran 
program or an IBM 360-50 computer according to the 
formula: | 


- 


DLJ) = VX) — XG)’ + (YM — YO)? 


The comptter yielded a TV display for each axis of 
shortening. An example is given in Fig 2. The first 
three beats after appearance of the dye were meas- 
ured. The instantaneous lengths of each L] vector 


/ 
Q 


3 


Fig 1. Cororary arterial bifurcations used as markers for the 
cineangiographic determination of dimensional changes. 
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Fig 2. Dimensional changes between bifurcations 1 and 2 (see 
Fig 1) for three consecutive beats after the injection of contrast 
medium. Halothane concentration is 1 MAC. Vertical line rep- 
resents R wave. EDL, End-diastolic length; Tso, time to half of 
maximal shortening; Snax, maximal shortening. : 


were normalized to end-diastolic length (EDL) for 
each beat and displayed as a percentage of EDL as a 
function of time. End-diastolic length was defined for 
each vector as the maximal segmental length attained 
during the Q-R interval of the electrocardiogram. 
Note the reproducibility in the curves in the three 
consecutive beats shown. This was true for all runs 
and during repeated measurements under the same 


conditions. In the awake animals, respiration could . 


not be controlled and slight variations occurred which 
may have been the result of diaphragmatic motion 
and baroreceptor influences. 

Asynergy was described in terms of anisotropy (AI) 
and asynchrony (AS), which were, in turn, used to 
derive a myocardial performance index (MPI). To 
determine AI, we measured the maximum shortening 
of each of the six segments (Fig 2). Then we divided 
the mean shortening (5) of these six segments by the 
standard deviation to obtain the coefficient of varia- 
tion = AI. As used here, anisotropy refers to the 
difference in maximum strain at varying angles on the 
surface of the heart. Of course, all hearts are aniso- 
tropic to a degree, since they are not uniformly con- 
tracting spheroids. We defined AS as the mean of the 
time to half-shortening (Tso) (see Fig 2) divided by the 
standard deviation. Thus, if all the segments shorten 
by half in the same length of time, we say we are 
dealing with a perfectly synchronous heart, and the 
value of asynchrony is zero. The MPI was calculated 
as: 


5 


MPI = —— e 
, AI+Ts+AS 
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Fig 3. Dimensional changes between bifurcations 2 and 4 (see 
Fig 1) at 3 MAC. Vertical line represents R wave. EDL, End- 
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diastolic length.: z 
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FiG 4. Mean of six segmental shortenings (segments 1-2, 1-3, 
etc) from one animal at 1 MAC halothane. Note the variability in 
extent, rate, and timing of contraction. Vertical line represents 
R wave. EDL, End-diastolic length. 


To compare the awake values with those obtained 
from the different. levels of anesthesia, we calculated 
the mean and the standard deviation of all animals 
for 5, AL Tso, AS, and the MPI. Differences were 
evaluated by the paired t-test, with p < 0.05 being 
selected as significant. 


j Results 


Fig2 do the dimensional changes during 1 MAC 
halothane, and Fig 3 the changes during 3 MAC 
halothane. The decrease from Fig 2 to Fig 3, in extent 
and velocity of shortening, is obvious. In the latter 
figure, it appears as if the heart were doing little 
except expanding and shrinking in a sinusoidal fash- 
ion. In Figs 4 and 5, there is obvious asynchrony (A5) 
and anisotropy (AI) as defined above. In fact, one 
segment actually expands during systole. Are the two 


contractions different from each other in the extent of 
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asynergy? Figs 6 to 10 show the changes in 5, Tso AI, 
AS, and MPI resulting from anesthesia and from 
increasing concentrations. Maximum shortening de- 
creases with halothane and with increasing concentra- 
tion (Fig 6), the differences between each step being 
significant, except for that between 2 and 3 MAC. 
Time of shortening (Tso), on the other hand, did not 
change significantly (Fig 7). The coefficient of varia- 
tion of shortening (anisotropy) showed a trend toward 
increasing with increasing concentration (Fig 8). How- 
ever, the only significant difference was between 
awake and 3 MAC halothane. The coefficient of 
variation of time (asynchrony) did not change signif- 
icantly under any of the conditions (Fig 9). 
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Fia 5. Mean of six segmental shortenings (segments 1-2, 1-3, 
etc) from one animal at 3 MAC halothane. Asynergy still persists. 
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Fig 6. Mean maximum shortening from end-diastolic length as 
a function of halothane concentration in seven animals. Bars 
represent standard deviations. 


The MPI showed a tendency to decrease with an- 
esthesia and with increasing concentration (Fig 10). 
However, the difference was not significant between 
1 and 2 MAC nor between 2 and 3 MAC halothane. 


Discussion 
Methodolozic Errors 


There are several possible sources of error that 
must be understood and, if possible, compensated for 
in this technique. For example, two criteria should be 
applied in selecting the segments to be used in this 
analysis.” Tirst, the same ventricular sites should be 
used in eam individual if values of asynergy are to be 
compared among individuals. Second, only the seg- 
ments whcse length is greater than 100 times the 
measurement error should be used, to minimize the 
effect of this error. 

Another source of error is reflected in the deviation 
from smocthness in the curves shown in Figs 2 to 5. 
This deviation is due to uncertainties in localizing 
bifurcatiors during the digitizing step. It can be shown 
that the standard deviation in normalized length (% 
EDL) due to measurement error is given by 
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Fia 7. Time to 50% maximum shortening from end-diastolic 


length as a function of halothane concentration in seven animals. 
Bars represent standard deviations. 


ANESTHESIA AND ANALGESIA 
Vol 59, No 3, March 1930 


181 


HALOTHANE AND MYOCARDIAL ASYNERGY 


100 


T5 


50 


29 


COEFFICIENT OF VARIATION (SHORTENING max) 





0 | 2 3 - 
MAC HALOTHANE 


Fig 8. Coefficient of variation of shortening (anisotropy) as a 


function of halothane concentration in seven animals. Bars rep- 


resent standard deviations. 


The value om can be made arbitrarily small by making 
N arbitrarily large (repeated measurements), or by 
filtering the time series, or both. 

The image formed in any x-ray system is a distorted 
projection of the actual object; since the beam is not 
parallel, the imaging system is imperfectly aligned 
with the principal axis of the system, and the image 
intensifier adds geometric distortion, especially in the 
“magnifier” mode, where the magnification factor 
varies up to 30% over the field. A map of these 
distortions is often necessary, so that corrections may 
be made in the data-processing step.” Such correc- 
tions are unnecessary in this study, since points of 
interest are confired to a limited region in space 
during the cardiac cycle. Thus, the distortion remains 
relatively constant for a given segment, and tends to 
cancel out when the length is normalized to end- 
diastolic length. 

The most serious error in the measurement of 
myocardial shortening with the single-plane tech- 
nique is due to rotation of the segments under study 
relative to the projection plane during the cardiac 
cycle. Rotation error is minimized by judicious choice 
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Fic 9. Coefficient of variation of time to 50% shortening (asyn- 
chrony) as a function of halothane concentration in seven ani- 
mals. Bars represent standard deviations. 


of the projection angle, that is, subject position, such 
that the bifurcations to be studied lie, as closely as 
possible, in a plane parallel to the prcjection plane. It 
has been determined? that the projection angle of 
choice can be found by overlaying, as closely as 
possible, the vessel under study in the right anterior 
oblique (RAO) projection during a test injection, then 
rotating the subject 90? from this anale into the left 
anterior oblique (LAO) projection. Using this ap- 
proach, an average @ in six segments was determined 
as 12.5? (SD 9.3?). 

These values, along with the mean o of 0.46? (5D 
4.3?) demonstrated in the biplane studies of Harrison 
et al,” were uséd in a Monte Carlo statistical analysis. 
The correction factor exhibited a mean value of 1.0051 
with SD 0.0235. Thus, the mean error due to rotation 
if 0.51% EDL with SD 2.35% EDL. 

Since the errors from distortion and rotation are 
statistically independent and the measurement error 
can be made arbitrarily small by smoothing, the com- 
bined mean error becomes 0.54% EDL (€a + €) with 
SE 2.41% EDL. 


Thus, in order to assert that % EDL values from any 
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Fia. 10. Myocardial performance index (MPl—see text) as a 
function of halothane concentration in seven animals. Bars rep- 
resent siandard deviations. 


two myocardial segments are significantly different at 
the 80% and 9596 confidence levels, respectively, it is 
necessary that these values differ by a minimum of 
4.4% and 6.7%. This defines the p < 0.2 and p < 0.05 
diagnostic limitations of this single-plane approach in 
detecting abnormal segmental shortening. 


Since the coronary arteries are located primarily on - 


the epicardial surface, it is important to determine 
whether their motions accurately follow the motions 
of the underlying myocardium. "Loose" coupling of 
the arteries to the myocardium could result in sizeable 
errors, due to myocardial shear during the cardiac 
cycle. Kong et al? observed that motions of bifurca- 
tions and surgically affixed epicardial clips correlated 
well (R = 0.85) with a standard error of estimate of 
2.2%. Their study, however, did not measure the shear 
between the epicardium and underlying myocardium. 
Feigl and Fry** did show that shearing through the 
thickness of ventricular wall is minimal except during 
the brief isovolumic phase of contraction and relaxa- 
tion. 

Daughters et al^ demonstrated that any relative 
motion of the myocardium and epicardium does not 
contribute significantly to error in our type of study, 
since the motions of bifurcations and myocardial 
markers also are well correlated (R = +0.85, a stan- 
dard error of estimate of 2.34%). Comparing the 
regression equation of Kong with that of Daughters, 
the disagreement of proportionality constant (0.90 vs 
0.74) is consistent with the concept of systolic wall 
thickening during the cardiac cycle. 


Iz 


A total of six vectors (1-2, 1-3, 1-4, 2-3, 2-4, 3-4), 
each representing a myocardial segment between the 
previously defined coronary branching points, were 
available fór analysis. The four principally circumfer- 
ential vectors (1-2, 1-3, 2-4, 3-4) were selected for the 
synergy analysis for two reasons. First, Streeter et al” 
have shorvn that the proportion of circumferential to 
longitudinal fibers is 10:1 in the canine heart. Second, 
Ingels, et al have observed in studies of anesthetized, 
thoracotomized dogs that the principal mode of con- 
traction cf the canine ventricle is a vigorous motion 
of the lat2ral free wall toward a relatively fixed sep- 
tum. These four vectors are most sensitive to such 
dynamics. 

From the above considerations, it is concluded that 
myocardial segmental shortening can be determined 
from sing-e-plane coronary cineangiograms with suit- 
able accu-acy. An important criticism of this method 
of quanti-ying ventricular synergy, however, is that 
the location and limited number of points chosen 
could ove-look important regions of dysfunction, par- 
ticularly in the posterior aspect of the left ventricle. 
The poin-s chosen in this study emphasize anterior 
wall dynamics since it has been suggested"! that an- 
terior wall contraction makes a more important con- 
tribution to left ventricular ejection than other re- 
gions. Additional studies at different projection angles 
utilizing more bifurcations (or the use of biplane 
cineradiograms) could eliminate this criticism in cases 
where more extensive characterization of the ventricle 
was deemed necessary. 

Does the injection of contrast material affect the 
very varicble we are trying to measure? When im- 
planted tantalum myocardial markers are used” so 
that preejection beats can be compared with postejec- 
tion beats it can be shown that, with the dye we used, 
there is n> significant effect of the contrast agent on 
myocardial dynamics during the period when the 
distances »etween the bifurcations are measureable.” 
This is in agreement with Kong et al? who also 
showed n» effect for five to six beats after injection. 

Two comments should be made about the experi- 
mental protocol itself. First, we realize that our “con- 
scious cortrol" does not represent a perfect situation. 
However, it is impossible to implant chronically a 
coronary arterial catheter large enough for the rapid 
injection necessary for satisfactory angiograms. Sec- 
ond, electrical pacing of the right atrium does not 
affect myocardial synergy, either while the animal is 
awake or while he is anesthetized with halothane (N. 
B. Ingels, Jr, G. T. Daughters, II, and N. T. Smith, 
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unpublished observations). On the other hand, we 
wanted to maintain a constant heart rate, since end- 
diastolic volume is dependent upon this variable." 


Significance of Results 


In our attempt to provide a basis for a quantitative 
definition of myocardial synergy, it was assumed that, 
in order to perform optimally and generate adequate 
stroke volume and pressure during systole, the ven- 
tricle must: 

1. Shorten by Sufficient Amount to Eject Adequate 
Stroke Volume against Load. This variable was ex- 
pressed by mean shortening (5), which is the average 
of the Sr; values for the six segments under study. 

2. Shorten Uniformly (that is, Isotropically). Ani- 
sotropy (AI) was defined as the coefficient of variation 
of the six Sr, values. Although no ventricle is perfectly 
isotropic during contraction, efficient pumping de- 
mands that all circumferential segments are shortened 
by roughly the same amount during systole. Regional 
asyneresis, akinesis, and dyskinesis, in that order, will 
increase AI from control values.” | 

3. Shorten Rapidly in Response to Excitation. Mean 
time to half shortening (Tso), the average of the Tso,, 
values for the six segments, expresses the average 
velocity with which myocardial fibers contract once 
excited, and is related directly to systolic time inter- 
vals. Time to half shortening was picked as a typically 
well defined point of rapid linear dimensional change. 

4. Shorten Synchronously. Asynchrony was de- 
fined as the coefficient of variation of the six Tso,, 
values. A perfectly synchronous contraction would 
involve identical Tso’s for all segments under study. 
Although the intact ventricle would not be expected 
to be perfectly synchronous (AS = 0), near-synchro- 
nous behavior of all segments, that is, low values of 
AS, is crucial for efficient pumping. 

To obtain a useful single value from these four 
variables, we developed the myocardial performance 
index (MPI). The MPI assumes that an increase in 
mean shortening is indicative of higher levels of my- 
ocardial performance and thus places 5 in the numer- 
ator of this expression. We further assumed that 
increased anisotropy, Tso and asynchrony indicate 
deteriorating myocardial performance and so place 
the sum of AI, Tso, as AS in the denominator of the 
expression. 

The index was constructed in this manner to em- 
phasize the effect of shortening (approximately linear 
5) and to minimize the effect of changes in heart rate 
(which influence Tso), yet remain quite sensitive (ap- 
proximately an exponential relationship) to changes 
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in AI and AS. The variables 5, AI, Tso, AS, and MPI 
are directly comparable from subject to subject when 
similar epicardial sites and projection angles are used, 
as was done in this study. 

The uniqueriess of the MPI lies not in its ability to 
act as another indicator of myocardial depression 
from anesthetic agents, but rather in its sensitivity in 
detecting myocardial dysfunction due to temporary 
or permanent ischemia. Much of the change in the 
MPI seen in these studies arises from the increase in 
one of the denominator factors, anisotropy. Much of 
the change which follows myocardial ischemia, on the 
other hand, comes from changes in asynchrony (N. B. 
Ingels, Jr., G. T. Daughters, II, N. T. Smith, unpub- 


lished observations). Thus the effect of halothane and 


| 
ischemia can be separated by the present method, 


giving hope for a monitoring technique that could 


detect myocardial ischemia during anesthesia. 

We can say! at least by our definitions, that one 
cannot detect in the dog any significant increase in 
anisotropy or asynchrony produced by clinical con- 
centrations of| halothane. This observation has two 
implications. First, little, if any, of the halothane- 
induced cardiac depression arises from changes in 
these two variables. Second, changes in measurements 
of intact tdia. performance, such as dP/dtmax, where 
P = ventricular pressure, may be reasonably valid, 
provided that loading conditions are taken into ac- 
count. On chelother hand, some asynergy is present 
at all times, and the individual animal may show 
significant changes in it. Thus, measurements that 
base their validity on certain assumptions about ho- 
mogeneity of structure and synchrony of contraction 
may be difficult to justify. These include (dP/dtmax)/ 
KP, as well as Vmax derived from plotting pressure 
against (dP/dtmax)/KP, where K = a constant and V 
= myocardial fiber velocity. 

With one exception, not included in these data, the 
hearts of these dogs were ostensibly normal. We do 
not know what impact halothane might have upon 
the heart with preexisting, significant asynergy. Infor- 
mation derived from the single animal with preexist- 
ing myocardial ischemia suggests that halothane may 


| 


significantly increase dyscoordinate contraction (N. 


T. Smith, N. B. Ingels, Jr, G. T. Daughters II, and L. 
Wexler, unpublished observations). 
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The pharmacokinetics and cardiorespiratory effects of aminophylline during halothane anes- 
thesia are not well established and are the subject of this study. Eleven dogs were anesthe- 
tized with 1% halotrane in air and given 10 mg/kg of intravenous aminophylline (theophylline 
ethylenediamine) over 5 minutes. Serum theophylline levels were measured over the next 60 
minutes and were found to be in the therapeutic range (10-20 mg/L). Theophylline levels 
decayed according to a two-component exponential function. The half-time for the fast com- 
ponent was 4.5 minutes, while the slow component half-time was 134.5 minutes. Heart rate 
increased significantly (p < 0.05) within 2 minutes following aminophylline, and remained 
significantly elevated for 60 minutes. Pulmonary capillary wedge pressure and systemic vas- 
cular resistance decreased 2 minutes after aminophylline, as did the arterial-mixed venous 
oxygen content difference. Cardiac index increased 2 minutes following aminophylline. All 
these changes were transient, and values returned to near control values within 10 minutes 
after aminophylline. Arterial oxygenation, venous admixture, and physiologic dead space were 
not significantly (p > 0.05) altered by aminophylline. No cardiac arrhythmias occurred. Other 
than a sustained 12% increase in heart rate, and transient hemodynamic changes immediately 
following its administration, aminophylline in therapeutic doses did not have adverse effects on 
cardiorespiratory function during prolonged 1% halothane anesthesia in normoxic, eucapnic 


dogs. 


Key Words: PHARMACOKINETICS: aminophylline; PHARMACOLOGY: aminophylline; ANESTHETICS, Volatile: hal- 


othane. 


ALOTHANE is considered the inhalation anes- 
thetic agent of choice for the asthmatic patient 
requiring surgery.~*° Whereas aminophylline (theo- 
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phylline ethylenediamine) is commonly used in the 
treatment of asthma in the nonoperative setting, car- 
diac arrhythmias have been reported in patients re- 
ceiving intravenous aminophylline and subsequently 
anesthetized with halothane.*? In addition, ventricu- 
lar arrhythmias have been reported to occur in dogs 
given aminophylline during halothane anesthesia.’ 

Conflicting reports exist on the effect of amino- 
phylline on arterial oxygenation in conscious man." ? 
Its effects on other cardiorespiratory and hemody- 
namic parameters have also been reported in con- 
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scious human subjects but never related to serum 
theophylline levels." There seem to be no system- 
atic studies of the cardiorespiratory effects of amino- 
phylline during halothane anesthesia in which serum 
theophylline levels were determined. 

This study was designed to investigate aminophyl- 
line pharmacokinetics and to quantify the cardiores- 
piratory and hemodynamic effects of aminophylline 
at measured serum theophylline concentrations dur- 
ing halothane anesthesia. 


Methods and Materials 


Eleven adult mongrel dogs, weighing 18.5 to 26 kg 
(average 22.1 kg), were sedated with intravenous so- 
dium pentobarbital, 30 mg/kg.: Cuiffed orotracheal 
tubes were inserted and an airtight fit secured. The 
orotracheal tube was connected to a Harvard animal 
respirator delivering 1% halothane in air at a rate of 
12 breaths per minute. End-tidal carbon dioxide con- 
centration was maintained at approximately 4.5% by 
adjusting tidal volume. 

Exhaled gas was collected in a modified volume 
displacement spirometer (model 220 spirometer, Car- 
diopulmonary Instruments, Inc, Houston, TX). Gas 
analysis of inspired and mixed expired air was per- 
formed using a gas mass spectrometer (model MGA- 
1100, Perkin-Elmer Corp, Pomona, CA). Measure- 
ment of exhaled volume, gas analysis, and computa- 
tion of oxygen consumption (Vo,) and carbon dioxide 
production (Vco,) were completed in real time at 
approximately 1-minute intervals using a comprehen- 
sive computer program run on a general purpose 
laboratory minicomputer system (Data General, 
Westboro, MA), details of which have been described 
previously." Temperature measured with a thermis- 
tor placed in the lower third of the esophagus was 
maintained between 37-38 C throughout the study 
with a heating lamp and blanket. A continuous lead 
II electrocardiogram was recorded. 

Mean arterial blood pressure (MAD) was measured 
using a femoral artery catheter connected to a pressure 
transducer (Bentley Trantec, Irvine, CA) and re- 
corded. Mean pulmonary artery pressure (PA) and 
pulmonary capillary wedge pressure (PCWP) were 
measured with a Swan-Ganz catheter placed via an 
external jugular vein, with pressure contours confirm- 
ing. location. A second catheter for blood sampling 
was placed in the right ventricle by the same method. 
An intravenous infusion of 0.9% NaCl at 100 ml/hr 
was begun and maintained for the duration of the 
study. 


All animals were allowed to stabilize for at least 90 
minutes following institution of controlled ventilation 
and halothane. When heart rate (HR), MAD, Vo,, and 
Veco, had >een stable for at least 60 minutes, amino- 
phylline Gheophylline ethylenediamine, Invenex), 10 
mg/kg, was infused intravenously over 5 minutes. 
Arterial Elood samples were obtained from the fem- 
oral arterzl catheter and mixed venous blood samples 
from the -ight ventricular catheter. All samples were 
collected in heparinized glass syringes and iced im- 
mediately. Blood oxygen tension (Po,), carbon dioxide 
tension (Fco,), and pH were measured in duplicate in 
all samples (model 313 blood gas analyzer, Instru- 
mentation Laboratory, Inc, Boston, MA). 

Arteria. and mixed venous blood samples for meas- 
urement of Po,, Pco,, and pH were obtained 10 and 5 
minutes before aminophylline administration, and 2, 
5, 10, 15, 30, 45, and 60 minutes following injection 
of aminophylline. Corrections were made for the loss 
of oxygen in the iced sample during the interval 
before aralysis and for oxygen electrode blood gas 
difference by‘tonometry. Hemoglobin (Hb) concen- 
tration was determined in duplicate by colorimetry in 
all arterizl: samples. The blood gas and hemoglobin 
data were used to calculate the alveolar-arterial oxy- 
gen difference (A-apo,), arterial-mixed venous oxygen 
content cifference (Cao,-Cvo,), percentage of physio- 
logic dead space ( Vp/ Vr), percentage of venous ad- 
mixture (2v4/Qn1), and respiratory exchange ratio (R). 
Serum theophylline levels were determined in dupli- 
cate in ell arterial blood samples by homogenous 
enzyme immunoassay (EMIT, Syva, Palo Alto, CA), 
in which competitive protein binding was determined 
spectrophotometrically using a labeled enzyme and 
specific Finding antibody.'? 


ABBREVIATIONS 
Po, blood oxygen tension (torr) 
Pco, blood carbon dioxide tension (torr) 
Hb hemoglobin (mg/100 ml 
MAP mean femoral artery blood pressure (torr) 
PA mean pulmonary artery blood pressure (torr) 
PCWP pulmonary capillary wedge pressure (torr) 
HR heart rate (beats/minute] 
CI cardiac index (L/min/m?) 
SVR systemic vascular resistance (dynes-sec-cm ?) 
Cao,-Cvo arterial-mixed venous oxygen content difference 
‘(ml%} 
Vco, carbon dioxide production (ml/min/m^) 
Vo, oxygen consumption (ml/min/m/?) 
R respiratory exchange ratio 
A-aDo, alveolar-arterial oxygen difference (torr) 
Vp/Vr physiologic dead space (95) 
Qva/Or venous admixture (%) 
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AMINOPHYLLINE PHARMACOKINETICS 


All animals served as their own control. Data were 
analyzed by paired t-test, and values reported are 
means + standard error. 


Results 


Serum theophylline levels are listed in Table 1 and 
graphically depicted in Fig 1. Mean theophylline lev- 
els decayed according to a two-component (alpha and 
beta) exponential function described by the equation 
C = 9,5e 997: 4. 12.6070! where C represents the 
serum theophylline concentration at time “t” after 
aminophylline administration. The calculated half- 
time for alpha was 4.5 minutes, while the half-time 
for the beta phase was 134.5 minutes. 

No arrhythmias occurred in any animal at any time 
during the study. All functions that changed signifi- 
cantly following aminophylline are listed in Tables 1 
and 2 and are shown graphically in Figs 2 and 3. Heart 
rate increased significantly (p « 0.05) following ami- 
nophylline from 131 + 7 to 147 + 5 beats/minute 
(12% increase) and remained significantly elevated for 
the duration of the study. Pulmonary capillary wedge 
pressure significantly (p « 0.05) decreased only at 2 
minutes following aminophylline, from 9 + 1 to 5 + 
1 torr. Systemic vascular resistance (5VR) decreased 
in the first 2 minutes following aminophylline from 
2396 + 262 to 2139 + 246 dynes.sec- cm ? ( p < 0.05), 
remained low for approximately 5 minutes after ami- 
nophylline, and then gradually returned to near con- 
trol values. Cardiac index (CI) increased within 2 
minutes following aminophylline from 3.51 + 0.28 to 
3,73 + 0.24 L/min/m’ ( p < 0.05), remaining elevated 
until 10 minutes following aminophylline, when it 
also returned to near control values. Arterial-mixed 
venous oxygen content difference fell from 3.5 + 0.2 


TABLE 1 


to 3.2 + 0.2 ml% (p < 0.05) 2 minutes following 
aminophylline. 

Control MAP was 91.7 + 7.2 torr. Control arterial 
Po, Pco,, and pH were 82.3 + 1.8 torr, 33.7 + 0.9 torr, 
and 7.35 + 0.01, respectively. Control values for 
Vp/V4 and Ova/Qr were 48.4 + 2.3% and 19.4 + 
1.7%, respectively. No significant changes (p > 0.05) 
were noted in any of these values during the course 
of the experiment (Tables 1 and 2). 

Control values of other cardiorespiratory functions 





Mean Serum. Theophylline Concentration (mg/l) 


O 10 20 30 40 50 60 


Time After Infusion (min) 


Fia. 1. Semilogarithmic plot of average (+SE) serum theophyl- 
line concentrations versus time in 11 dogs after aminophylline, 
10 mg/kg IV. The sicpe of the decay curve is given by C = 
9.5e7 01487 4 12 Ge 999515 where C represents serum theo- 
phylline concentration at time “t” in minutes. The decay curve 
consists of two components, a(t,;2 = 4.5 minutes) and fti,» = 
134.5 minutes). Correlation coefficient = —0.996. 


Hemodynamic Functions following 10 mg/kg of Aminophylline* 


Pulmonary capil- 


Systemic vascular Cardiac index Mean arterial 
resistance pressure 
dynes-sec-cm^? L/min/m? | torr 
2396 + 262 3.51 + 0.28 92 X7 
2139 + 2461 3.73 + 0.247 af t7 
2255 + 288] 3.70 + 0.271 88 + 7 
2401 + 307 3.49 + 0.29 87 +7 
2383 + 339 3.55 + 0.28 87 X8 
2411 + 289 3.32 + 0.22 87 47 
2506 + 278 3.23 + 0.17 90 +6 
2698 + 307 3.19 + 0.21 93 +6 





Time after Serum theo- 
control phylline Heart rate lary wedge pres- 
sure 
min mg/L beats/min torr 
Control o 13147 941 
2 19.8 + 0.9 147 + 5+ oes ome fp 
5 16.8 + 0.7 147 x51 621 
10 14.2 + 0.5 147 + 4t 61 
18 11.9 4 0.5 146 + 47 621 
30 10.8 + 0.6 142 + 4T £31 
45 10.1 + 0.6 144447 - 8 x1 
60 9.4 Xx 0.4 146 + 5+ 7 1 
* Values are means + SEM. 
T120«0.05. 
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TABLE 2 


Respiratory Functions following 10 mg/kg of Aminophylline* 





Arterial-mixed 


STIRT EE AL 


Mure Sae ea A 
ence 

min mg/L mi 96 torr 
Control 0 3.5 + 0.2 82.3 + 1.8 
2 19.8+0.9 3240411 83.2+1.9 
5 16.8 + 0.7 3.6 + 0.2 82.4+ 1.9 
10 14.2 + 0.5 3.7 + 0.2 81.8 + 1.7 
15 11.9 + 0.5 3.6 + 0.3 81.0 + 2.0 
30 10.8 + 0.6 3.8 + 0.2 82.2 + 1.7 
45 10.1 + 0.6 4.0 X O.1 82.8 + 1.8 
60 9.4 + 0.4 4.0 40.1 82.7 + 2.0 


Anarai Poor teria ph «Evie ert 
torr 95 926 
33.7 + 0.9 7.35 + 0.01 48.4+ 2.3 19.4 + 1.7 
33.4 + 0.7 7.35 + 0.01 49.4+1.8 20.5 + 2.1 
33.8 + 1.0 7.35 + 0.01 50.3 + 1.9 20.6 + 2.2 
32.7 + 0.9 7.35 + 0.01 48.6 + 2.2 20.5 + 1.9 
33.0 x 1.0 7.35 + 0.01 48.9 + 1.8 21.6 + 2.2 
33.5 4 1.1 7.34 + 0.01 48.9 + 2.1 19.5 + 1.7 
338 t 1.0 7.34 + 0.01 48.5 + 1.7 19.1 + 1.7 
33 9 + 1.1 7.33 + 0.01 48.1 x 1.8 19.0 + 1.9 





* Values are means + SEM. 
fp < 0.05. 
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O 10 20 30 40 50 60 

Minutes After Aminophylline 
Fia 2. Heart rate (HR), pulmonary capillary wedge pressure 
(PCWP), and systemic vascular resistance (SVR) as a function 


of time after aminophylline, 10 mg/kg. All points represent 
means +SE for 11 animals. 


HR (beats/min) 


aD 
Q 


PCWP (torr) 
M 
O 


2 
O 


SVR (dynes- 
sec-cm9) x 10? 
M n3 MN C4 
Q wW N = 


that did not change significantly (p > 0.05) following 
aminophylline included PA (14.4 + 1.3 torr), pulmo- 
nary vascular resistance (191 + 38 dynes-sec-cm ?), 
mixed venous Po,, Pco,, and pH (46.4 + 1.3 torr, 36.0 
+ 1.3 torr, and 7.33 + 0.01, respectively), and R (0.89 
+ 0.C1). Others included A-apo, (28.5 + 2.1 torr), 


Vso, (10t- + 6.3 ml/min/m’), Vo, (121.4 + 6.2 ml/ 
min/m*), and Hb (14.0 + 0.6 mg/100 ml). 


Discussion 


Two aspects of the pharmacologic actions of ami- 
nophyllite deserve attention: direct effects on my- 
ocardial activity and general systemic smooth muscle 
effects. Serious arrhythmogenic effects of intravenous 
aminophylline were first reported in 1943. Subse- 
quent clinical reports?" have added to the impres- 
sion that aminophylline can produce severe ventric- 
ular arrhythmias and cardiac arrest. Canine studies” 
have docimented a significant reduction in ventricu- 
lar fibrilBtory threshold with aminophylline. 

Several studies*® have found aminophylline to be 
a potent arrhythmogenic agent in the presence of 
halothane. These studies utilized large boluses of, 
intraveneus aminophylline, but provided no serum , 
theophylline levels at the time arrhythmias occurred. 
Instance: of ventricular arrhythmias during halothane 
anesthes a in patients who had previously received 
aminophylline have been reported. Serum theo- 
phylline values during occurrence of those arrhyth- 
mias we:e not reported either. 

In our study a 5-minute infusion of aminophylline, 
10 mg/kg, was given after at least 90 minutes of 
constant 196 halothane anesthesia during which time 
HR, MAD, Vco, and Vo, had been stable for at least 
6) minu es prior to the infusion. Theophylline levels 
were measured throughout the study and decreased 
from a rrean peak level of 19.8 + 0.9 mg/ml 2 minutes 
followin z completion of the infusion to 9.4 0.4 mg/ 
ml at 62 minutes. A bolus injection would have 
produced a higher peak level. 

The b ood level of theophylline fell exponentially 
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Gas Viscosity Effects in Anesthesia 
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JONES, C. S.: Gas viscosity effects in anesthesia. Anesth Analg 59:192-196, 1980. 


The viscosity effects when carrier anesthetic gases are passed through ventilators can lead to 
significant alterations in ventilating volumes. This effect was studied in both experimental and 
clinical situations using the Bird anesthetic machine powered by a nitrous oxide-oxygen 
blender and fitted with a Wright gas-volume meter. Despite the fact that nitrous oxide is + 
3096 denser than oxygen, when it is used as the main carrier gas through the Bird anesthetic 
machine during automatic ventilation, the ventilating volumes increase although the settings 
on the machine remain unaltered. When the machine is slave to the spontaneous respiratory 
efforts of the patient this effect disappears. Oxygen is more viscous than nitrous oxide and 
this will explain the observed phenomena. It is suggested that it would be safer for patients if 
vaporizers and ventilators were calibrated with a 3:1 mixture of nitrous oxide and oxygen. 


Key Words: PHYSICS: viscosity; EQUIPMENT: viscosity; OXYGEN: viscosity; ANESTHETICS, Gases: nitrous oxide. 





HE fact that the composition of the gas flowing 

through a temperature-compensated, calibrated 
vaporizer may influence the delivered concentration 
of the anesthetic vapor has been discussed by Nawaf 
and Stoelting.’ Output of enflurane from Ethrane 
vaporizers at given calibration settings appeared 
greater when nitrous oxide formed part of the carrier 
gas than when oxygen alone was used. Nawaf and 
Stoelting’ speculate that the altered density of the 
carrier gas induces a “back pressure” that must be 
overcome before flow into the vaporizing chamber 
can occur because the denser nitrous oxide increases 
the resistance to flow. 

Using the Bird anesthetic machine we have tested 
their speculations indirectly by measuring the volume 
flow of carrier gas per unit of time during (1) experi- 
mental circumstances and (2) clinical anesthesia. 


Methods 


The prototype Bird anesthetic machine? is a Mark 
14 positive-phase ventilator powered via a N9O-Os 
blender. The composition of the carrier gas can be 
altered rapidly in the range NeO nil and Oz 100% to 
N3O 75% and O: 25%. A vaporizer and a Wright 
ventilation meter are inserted into the patient delivery 
line. 

In the experiments the vaporizer was switched off 
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and the distally situated Bird Glengary exhalation 
valve, which forms the connection between the system 
and the patient, was attached directly to an 8-mm i.d., 
armored latex endotracheal tube 22 cm long. The 
inspiratory triggering pressure was set at the 5-mm 
mark and the cut-off (maximum: inflation) pressure 
was set at 10 mm. The controls regulating the trigger- 
ing rate and the rate of inflation were set at the marks 
indicating average normal values. The machine now 
cycled automatically against the resistance offered by 
the endotracheal tube. 

The carrier gas composition was selected by rotat- 
ing the control dial, and the Wright ventilation meter 
was turned off and set at zero. After allowing the 
machine to cycle several times, the Wright meter was 
turned on just after the completion of a cycle, and a 
stopwatch synchronously started. The number of cy- 
cles was counted and at the end of 1 minute the 
Wright meter was turned off. The volume of carrier 
gas passed through the system could now be read and 
recorded. After altering the composition of the carrier 
gas by rotating the control valve, the whole operation 
was repeated. 

During clinical anesthesia the circumstances of the 
experiment remained the same, except that attached 
in train to the Glengary valve, was a patient. Here the 
vaporizer was in circuit and the dictates of the type of 
surgery, as well as the anatomical and physiologic 
make-up of the patient, determined the settings on 
the Bird machine which controlled the rate, the vol- 


~ 
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ume, and the pressure required to ventilate the patient 
adequately. These settings varied from patient to 
patient but, except for the nature of the carrier gas, 
were not changed during the period of an individual 
measurement. 


Results 


In a series of 22 experimental operations, during 
which the machine cycled continuously and the only 
alteration made to the system was the change back 
and ferth between 100% O; (11 runs) and 75% N:O 
and 25% Os (11 runs), the mean volume of Oz deliv- 
ered was 9,267 + 465 ml (5%) per minute and the 
mean volume of 75% N20 and 25% Os delivered was 
12,199 + 206 ml (1.7%) per minute. That is to say, 
when all parameters of the system, except the com- 
position of the carrier gas, remained unchanged, the 
volume of the nitrous oxide-rich gas delivered in unit 
time was 31% greater than that of oxygen alone. These 
results are listed in Table 1. v 

When a fixed number of cycles (30) was timed and 
the volume delivered was measured, in a typical 
experiment 22.0 L of oxygen were delivered in 2 


TABLE 1 
Experimental Results* 


Carrier No. of Volumes 


Runno. gascom- cycles/ of gas de- E ad i 
position min livered 
mi mi 
1 Os 11 9,200 43,150 +34% 
N2O-Os 13 12,350 
2 Os 12 9,650 42,750 +28% 
N2O-O» 13 12,400 ' 
3 O; 12 9,920 +2,420 +24% 
N20-O2 13 12,340 
4 O2 12 9,900 +2,510 +25% 
N2O-O;5 13° 12,410 
5 Oz 11 9,200 +3,000 +33% 
N2O-Os 13 12,200 
6 Os 11 9,190 43,050 +33% 
N2O-Oz 13 12,240 
7 Oz 11 9,170 43,080 +33% 
N20-O2 13 12,250 
8 Oz 14 8,200 +4,010 +49% 
N20-O2 13 12,210 
9 Os 11 9,180 42,960 +32% 
N52O-O; 13 12,140 
10 Os 11 9,180 +2,570 +28% 
N2O-O; 13 11,750 
11 Oo 11 9,150 +2,750 +30% 
N20-O2 13 11,900 


* Mean volume of oxygen per experiment: 9,267 + 465 ml 
(+5%); mean volume of nitrous oxide-Os per experiment: 
12,199 + 206 mi (-- 1.796); difference in volumes: 2,932 ml, 
i.e., 31.696 increase. 


minutes 24 seconds, while 27.7 L of the N2O 75% and 
25% Os mixture were delivered in 2 minutes 19 
seconds. Zxpressed in milliliters per second, there is 
an increase of 3996 in volume flow when nitrous oxide 
is the mai carrier gas. 

The results of 34 determinations on 14 patients 
(Table 2) show that when the composition of the 
carrier gas is largely nitrous oxide, a greater volume 
is regulary delivered in unit time. The actual pooled 
totals (1,£13.95 L of oxygen and 2,541.40 L of 75% 
nitrous oxide and 2596 oxygen) again show an increase 
of the magnitude of 3296 when nitrous oxide is a 
major part of the carrier gas. 

The Bixd machine will also operate as slave to the 
patient's 2wn respiratory efforts and in Table 3 are 
shown 15 control measurements from eight patients 
(seven of -hese patients are included in Table 2 also). 
The pooled totals again show a difference of 48.80 L 
between oxygen only and the nitrous oxide-oxygen 
mixture, but this is now only 4.2%, a difference that 
is within the range of experimental error as deter- 
mined in Table 1. The marked alteration related to 
carrier ges composition has disappeared. Moreover 
the differences are no longer all in the same direction. 
In five of he 15 measurements the direction of change 
is opposite that of the remaining 10. 


Discussion 


This is rot a highly precise study of absolute values 
but a con. parative study of the degree and direction 
of change in a single dependent variable (ventilating 
volume) "hen an independent variable (ventilating 
gas composition) is altered, while all other parameters 
are held zonstant. The volume meter used for the 
measurements was not specially calibrated. It has 
been assumed that faults or imprecisions in the meter 
remain ccnstant and that errors were always in the 
same direction during the course of the study. The 
meter has been used as one would use a randomly 
selected stick to measure roughly the distance be- 
tween obfects in order to confirm a subjective estimate 
of their spatial relationship. 

Readinzs of the meter were made by naked eye and 
to the nearest 10 ml. The viscosity effect may well 
introduce an error in the performance of this meter 
but the surface area of the vanes of the meter is so 
small in « omparison to the total surface area of the 
system, aad the volumes measured so large, that this 
possible error has not been explored. . 

Other sources of error to be considered are fluctua- 
ticns in tre line pressures of the piped gas-supplies 
which power the Bird; variations within the Bird due 
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TABLE 2 
Clinical Results during Controlled Ventilation 
Carrier No. of Inflation Difference 
Patient gas com- perg cycles/ pressure esi in gas vol- 
position min settings umes 
mim Hg mi mi 
A.B. Oz 0.75 9 18 4,900 2,750 
N20-O2 9 18 7,650 
J.C Os 0.75 8 15 5,880 +320 
N20-O2 8 15 6,200 
Oo 0.75 8 15 4,700 +1,100 
N,0-O2 8 15 5,800 
O2 0.75 8 15 4,800 +1,240 
N20-O2 8 15 6,040 
Oo 0.75 8 15 5,240 +2,560 
N20-O2 8 15 7,800 , 
J.R. Os 0.50 13 15 9,040 2,360 
N5O-O; 13 15 11,400 
Oz 0.50 13 10 5,740 1,700 
N20-O2 15 10 7,440 
Oz 0.50 15 10 5,920 +2,930 
N20-O. 16 10 8,850 
Os 0.50 14 10 5,360 +1,890 
N20-O2 15 10 7,250 
C.G. O2 0.75 8 15 5,350 +850 
N-0-Oz 8 15 6;200 
Oz 0.75 8 15 4,590 +1,130 
N20-02 8 15 5,720 
O2 1.0 7 15 4,080 +1,850 
N20-O2 8 15 5,930 
S.LeR. Oz 0.75 9 15 6,080 42,040 
N2O-O.? 9 -15 8,120 
Os 0.75 9 15 6,080 +1,840 
N20-O2 9 15 7,920 
Os 0.75 9 15 5,880 +1,940 
N20-O2 9 15 7,820 
Os 0.75 9 15 6,100 1,850 
N;2O0-O; 9 15 7,950 
C.G. Oz 0.75 8 20 5,000 71,590 
N20-O>2 9 20 6,590 
Os 1.0 8 20 4,960 +1,966 
N20-O2 8 20 6,920 
Os 1.0 8 20 5,050 +2,000 
N2O-Os; 8 20 7,050 
O2 1.0 8 20 5,000 42,200 
N20-O2 8 20 7,200 


to the differing densities and viscosities of the carrier 
gases; gas leaks within the Bird and the vaporizer; and 
alterations in the resistance to inflation offered by the 
patient. 

Any leaks and variations in performance in the Bird 
ventilator due to altered carrier gas characteristics 
have been neglected because they occurred proximal 
to the Wright volume meter. Random checks of the 
pipe line pressures showed these to remain approxi- 
mately stable at 40.4 Kpa (60 Ib sq in) for each gas. 

Leakages past the concentration control spindle of 
the Fluotec vaporizer are known to occur. They vary 
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Carrier No. of Inflation Difference 
Patient gas com- ee cycles/ pressure ense, in gas vol- 
position min settinas umes 
mm Hg mi mi 
M.dW. O: 0.75 8 15 4,300 +780 
N2O-O2 8 15 5,080 
Oz 0.75 7 15 3,100 +1,400 
N20-02 8 15 4,500 
ZNW. On 0.75 9 15 5,640 +2,900 
N20-O2 10 15 8,540 
Os 0.75 10 15 5,400 42,310 
N2O-O2 10 15 7,716 
Oo 0.75 10 15 5,560 +1,640 
N20-O02 10 15 7,200 A 
J.V. Qs 0.75 12 15 7,350 +1,400 
N20-02 : 13 15 8,750 
Oz 0.75 12 15 7,300 +1,300 
N20-O2 12 15 8,600 
Os 0.75 12 15 7,120 1,500 
N2O-O; 13 15 8,620 
Os 0.75 12 15 7,110 41,740 
N2O-O2 13 15 8,850 
L.B. Q2 1.50 11 12 5,310 +2,340 
N2O-Os 13 12 7,650 
O2 1.0 10 15 7,750 43,450 
N5O-O; 9 15 11,200 
Oo 1.0 10 15 8,080 +2,470 
N20-O2 9 15 10,550 
S.L. O2 0.75 9 15 4,200 41,800 
N20-O2 9 15 6,000 
Oz 0.75 9 15 3,425 +1,625 
N20-02 9 15 5,050 


directly with the concentration setting and with the 
inflation pressures across the vaporizer but as they 
are also proximal to the Wright volume meter they 
have also been neglected. They are not a factor in the 
experimental series in Table 1. 

Resistance to inflation distal to the Bird Glengary 
exhalation valve remained constant under the exper- 
imental conditions when the valve was connected 
directly to an 8.0-mm i.d. 22.0-cm long nylon-rein- 
forced latex endotracheal tube. But when the resist- 
ance was a patient rendered apneic, either by over- 
ventilation or by curarization, other variables entered 
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TABLE 3 
Clinica) Results during Spontaneous Respiration 


Carrier gas Inflation Respi- 


: . 96 halo- Volumes Difference 
Patient EUN thane pereo pond ofgas in volumes 
i mmHg  /min ml ml 

dG. Oz 0.75 10 10 5,600 +220 
N20-O2 10 10 5,820 

J.R. Os 0.5 10 12 5,020 +700 
N20-03 10 t2 5,720 

Os Nil 10 21 8,010 +580 
N2O-O; 10 19 8,590 

C.C. Os 0.5 10 19 5,250 +1,550 
N2O-O02 10 22 6,800 

S.LeR. Os 0.75 10 8 3,620 —120 
N20-O2 10 8 3,500 

C.G. Os 0.5 10 34 9,400 +310 
N2O0-O2 10 31 9,710 

ZVW. Qs 1.9 10 20 8,900 — 830 
N2O-O; 10 18 8,070 

Oz 1.5 10 20 7,510 +670 
N20-O2 10 18 8,180 

A.O. Oz 0.75 10 29 8,580 +1,620 
N20-O2 10 27 10,200 

Oz 0.75 10 31 79,220 +180 
N20-O2 10 ` 29 9,400 

Oz 0.75 10 30 9,080 +80 
N20-O2 10 28 9,160 

Oz 1.0 10 30 9,900 -~200 
N20-02 10 27 9,700 

Os 1.0 10 31 9,910 —500 
N2O-O2 10 27 9,410 

Op 1.0 10 27 8,820 +740 
N32O0-Os 10 28 9,560 

S.L. Os 0.75 10 23 6,960 —140 
N20-O2 10 23 6,820 


the equation. The anatomy and physiology of the 
patiert's airways and lungs, the depth of anesthesia, 
the nature of the surgery, and the inflation pressures 
vary from patient to patient and no attempt was made 
to measure differences between patients. To reduce 
the effects of these variables to a minimum in indi- 
vidual patients, measurements were made over a short 
time span (J minute) and any series was completed as 
quickly as possible. 

Because of the existence of so many recognizable 
sources of error, no formal statistical analysis is made 
of the results obtained in the clinical situation. Here 
all volumes are pooled and a mean used to calculate 
the difference in ventilating volumes between the two 
carrier gases. The concern is to demonstrate the di- 
rection and approximate magnitude of any change, 
not to explore interpatient differences. Where viscos- 
ity is the decisive factor (i.e., in ventilated patients) 
the change is always in the same direction. 


If, as Nawaf and Stoelting speculate, gas density is 
the property responsible for carrier gas-dependent 
changes in vapor concentrations delivered by modern 
vzporizers, one would not expect ventilating volumes 
to change so markedly and in the apparently wrong 
direction during automatic ventilation when similar 
carrier gs alterations occur, nor would one expect 
this effect to disappear during spontaneous respira- 
tion. 

Nitrous oxide has a molecular weight of 44 and 
oxygen 32 (to the nearest whole number), a difference 
of 37.5% if oxygen is taken as the standard. The 
densities of the two gases are, respectively, 1,9977 and 
1,429 g/L at OC. Here the difference is 39.7%, again 
using oxygen as the standard. But if we look at the 
viscosity of the two gases the position is reversed. 

Viscos-ty and density, as Table 4 demonstrates, are 
unrelatec physical properties. The relationship be- 
tween the viscosity of a gas and its temperature is 
linear ir the temperature range 0-150 C and the 
curves expressing this relationship for nitrous oxide 
and for cxygen are parallel but widely separated. At 
25 C the. viscosity of oxygen, unlike its density, is 
consider. bly greater than that of nitrous oxide. Curi- 
ously th& difference is also of the order of 3996, this 
time usirg nitrous oxide, the less viscous gas, as the 
standard. All these differences in magnitude of the 
various physical properties of the two gases accord 
with the vapor concentration differences detected by 
Nawaf aad Stoelting but only viscosity can be seen to 
satisfy taeir observations and the observations re- 
ported here. 

At an» given pressure gradient across a vaporizing 
chamber molecules entering the gaseous phase from 
the liquid can interpenetrate a less viscous gas more 
readily end hence in greater abundance in a given 
time. Likewise, with a given resistance to ventilation, 
e:ther human or purely physical, a greater volume of 
less viscc-us gas can be delivered in units of time when 
all otherZactors remain constant. But when the patient 
is breathing spontaneously across the vaporizer and 
triggering the assisting drive of the ventilator, the 








TABLE 4 
Viscosity and Density * 
Substance Viscosity Density 
centipoise g/cm? 
Mercury 1.615 13.5704 
Weter 1.307 0.9997 
Ol ve oil 138.0 0.9180 





* All vzlues at 10 C. Data from Weast.? 
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pressure gradient across the vaporizer is markedly ^ will then be in the direction of greater safety to the 
increasec, and changes in ventilation are dictated by patient. 
the patient. Viscosity effects on ventilation become 


less significant, although an enrichment effect within REFERENCES 

the vaporizer may remain. If so, it would seem proper, 1. Nawaf K, Stoelting RK: Nitrous oxide increases enflurane 

in future. to use a 3:1 mixture of nitrous oxide and concentrations delivered by Ethrane vaporizers. Anesth Analg 
: th . h lib . th ti 58:30-32, 1979 

SAYBEU as tne ride gas W | pee Call taung anaes s 1C 2. Jones CS: Modification of a Bird? Mark-14 anesthesia ventilator 

vaporizers. Inevitable variations in concentration, for greater versatility. Anesth Analg 55:879, 1976 


gas administered to the patient through the vaporizer, SEINE ela ent eae ry tet rese TOTO E 


Furosemide Affects Propranolol Activity 


Although propranolol and furosemide are used together in the treatment of hypertension, the 
effects of furosemide on the plasma levels and beta blocking action of propranolol are not known. 
Ten healthy subjects were given propranolol, 40 mg orally. The mean plasma propranolol levels 60, 
90, 180, and 300 minutes later were 85 + 16, 90 + 7, 82 + 8, and 58 + 8 ng/ml. Propranolol was then 
given together with furosemide (25 mg orally) and the propranolol blood levels were measured. Mean 
propranolol plasma levels were 106 + 11 ng/ml at 60 minutes; 120 + 12 ng/ml at 90 minutes ( p « 
0.001); 102 + 9 ng/ml at 180 minutes ( p « 0.05); and 78 + 8 ng/ml at 300 minutes ( p « 0.01). Six 
additional subjects were given an infusion of 1 ug/min of isoproterenol, increased by 0.5 ug/min until 
the heart rate increased by 25%, after oral administration of furosemide, 25 mg. This procedure was 
repeated after propranolol (40 mg orally) alone and after propranolol with furosemide (25 mg orally). 
The amount of isoproterenol that increased the heart rate by 25% was 2.6 + 0.3 ug after furosemide 
alone and 17.7 + 2 pg after propranolol ( p < 0.01). After propranolol with furosemide the dose of 
isoproterenol required to increase heart rate by 25% was 109 + 15 ug ( p < 0.001). (Chiariello M, 
Volpe M, Rengo F, et al: Effect of furosemide on plasma concentration and B-blockade by propranolol. 
Clin Pharmacol Ther 26:433-436, 1979) 
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Tracheobronchial Cytologic 
Changes and Abnormal Serum 
Electrophoretic Pattern during 
Induced Hypotension- 


J. Barry O'Meara, MD,* Jack Chalon, MD,f V-ahnoosh Amirdivani, MD, 
Mahgul Ali, MD,* Mansoor Day, MD,§ and Herman Turndorf, MD] 


O'MEARA, J. B., CHALON, J., AMIRDIVANI, M., ALI, M., DAY, M., AND TURNDORF, H.: Tracheo- 
bronchial cytologic changes and abnormal serum electrophoretic pattern during induced hy- 


potension. Anesth Analg 59:197-202, 1980. 


Significantly increased numbers of iron-laden histiocytes are found inthe airways of patients 
in hemorrhagic shock. Hemoglobin and products of its degradation be:und to serum proteins 
can be identified by electrophoresis. Our concern about the use of haothane and positive 
pressure ventilation to provide controlled hypotension led us to study the numbers of iron- 
laden histiocytes associated with this and other methods used to achBve hypotension. Forty- 
three patients were studied. Profound hypotension (BP 50 torr or belc-w) was induced in 10 
patients and moderate hypotension (BP 60 torr) was induced in six pztients using halothane 
and positive pressure breathing. In addition, moderate hypotension was achieved using: so- 
dium nitroprusside (with N2O-halothane in six patients and with N2O-rarcotic in six patients), 
and trimethaphan (with N2O-halothane in six patients and with N2O-nercotic in nine patients). 
Tracheobronchial secretions obtained at the onset and termination of.-hypotension were 
stained with Prussian blue, and the percentage of iron-laden histiocytes was determined in a 
minimum of 400 cells. Haptoproteins in serum specimens obtained si nultaneously were meas- 
ured by staining with benzidine, and the identity of positive band(s) was confirmed by immune 
electrophoresis. l 
Results indicate that profound hypotension was accompanied by evidence of diminished 
tissue perfusion suggested by a significantly increased percentage of iron-laden histiocytes in 
tracheobronchial secretions (26.0 + 4.5%) and by the preserce of haptoglobin hemoglobin in 
the electrophoretic strips of five of 10 patients. Moderate hypotensior was unassociated with 
changes in histiocytes or electrophoretic pattern regardless of the technique used to produce 


the hypotension. 


Key Words: ANESTHETIC TECHNIQUES: hypotension, induced; BLOOD: hemoglobin degradation. 


ISTIOCYTES in the tracheobronchial secretions 
of patients in hemorrhagic shock contain gran- 
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ules which are stained by Prussian blue indicating the 
presence of intracellular inorganic iron.’ The serum 
cf these patients may contain one or more of the 
following, products of red cell degradation: (1) hap- 
toglobin-hemoglobin, (2) hemopexin-heme, or (3) 
methemalbumin. All three may be identified by elec- 
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trophoresis using special staining techniques (amido 
black and benzidine) and specific immune sera. 
Previous work? has suggested that the percentage 
of iron-laden histiocytes in tracheobronchial secre- 
tions and the presence of hemoglobin and hemes in 
serum electrophoresis may provide an index of tissue 
hypoperfusion. Our concern that profound hypoten- 
sion during anesthesia may be accompanied by sig- 








TABLE 1 
Techniques Used to Induce Hypotension 
] No. of 
Technique pati Pd 
Profound hypotension with halothane and IPPB" 10 
(BP 50 torr or below) = 
Moderate hypotension with halothane and IPPB (BP 6 
60-65 torr) 
Moderate hypotension with sodium nitroprusside 
and: : 
1. Halothane 6 
2. Nitrous oxide-narcotic technique 6 
Moderate hypotension with trimethaphan and: 
1. Halothane-nitrous oxide 6 
2. Nitrous oxide-narcotic technique 9 





* IPPB, Intermittent positive pressure breathing. 
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Fia 1. lron-laden histiocytes (Prussian blue, x 400). 
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nificant impairment of tissue blood flow has led us to 
apply these techniques in an investigation of patients 
undergoing intentional controlled hypotension during 


surgery. 


Patients and Methods 


Forty-three adult patients who had given informed 
consent were divided into four groups according to 
the technique used to lower the blood pressure (Table 
1) Halothane and intermittent positive pressure 
breathing were used to induce profound hypotension 
(mean arterial blood pressure (BP) 50 torr or below) 
in 10 patients, and moderate hypotension (BP 60 to 
65 torr) in six patients. In addition, moderate hypo- 
tension was induced using either sodium nitroprus- 
side (12 patients) or trimethaphan camsylate (15 pa- 
tients), both hypotensive agents being used with 
either halothane and nitrous oxide or with nitrous 
oxide and narcotics. Tracheobronchial secretions were 
collected immediately after induction of anesthesia by 
suction through the endotracheal tube and again 30 
to 60 minutes after the restoration of normotension. 
Microscope slides of smears were spray-fixed, stained 


E d SMS k1 7 dis 
ru 
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* 


(Prussian blue technique), and examined microscop- 
ically (Fig 1). The percentage of histiocytes containing 
Prussian blue granules (PHFe) in a count of 400 cells 
was calculated. Immediately after each tracheobron- 
chial suction, 5 ml of venous blood was collected, the 
serum separated by double centrifugation, and elec- 
trophoresis performed using the microlid system of 
Chuba.° 

Three electrophoretic strips were run simultane- 
ously, in parallel, on each plate to achieve 2.0- to 2.5- 
cm separation of proteins. Two of the strips were 


Amido-black 


Benzidine 


Anti - 
Haptoglobin 


Anti- 
Hemopexin 





Fig 2. Diagram of the electrophoretic pattern of serum from a 
patient who died in hemorrhagic shock. Serum methemalbumin 
band stained by benzidine in line with large‘albumin band (upper 
strip. Haptoglobin-hemoglobin and hemopexin-heme bands 
stainec by benzidine in line with anti-haptoglobin and anti-he- 
mopex'n precipitate bands (lower strip). No band is found in the 
middle strip of the serum from normal patients. (Reprinted from 
the New York State Journal of Medicine (77: 2218, 1977) with 
permission of the Medical Society of the State of New York.) , 


TABLE 2 


removed; one was stained with amido black as a 
reference strip, and the second with benzidine to 
demonstrate hemoglobin and heme pigments carried 
on serum proteins. The third strip was used for right- 
angled immunodiffusion by placing rabbit antisera 
specific for human haptoglobin and hemopexin in 
troughs c.t parallel to the protein strip. After diffu- 
sion the nonreactive proteins were removed by im- 
mersion m normal saline. The remaining antigen- 
antibody reactions were stained with amido black. 
Three stEps were mounted side by side to allow 
identificazion of the bands containing organic iron 
(Fig 2). | 

Patients were excluded from the study if: (1) blood 
transfusicn was necessary because hypotension failed 
to prevert bleeding or if minor mismatches caused 
hemolysis; (2) there was greater than 2 C drop in body 
temperatire; (3) the gel diffusion and benzidine- 
stained e ectrophoretic strips showed the presence of 
haptoglobin-hemoglobin in the first specimen; and 
(4) the first smear contained more than 296 iron-laden 
histiocytes. Statistical significance was assessed by 
currently used variance techniques (t-test, chi square) 
at values of p « 0.05. 


Results 


The results (Table 2) show a significant increase in 
the mear PHFe in patients in whom profound hypo- 
tension (3P 50 torr or less) was induced by halothane 
and intermittent positive pressure breathing (IPPB) as 
well as the presence of organic linked iron as hapto- 
globin-hemoglobin in the serum in five of 10 patients 


Hypotension Technique and Percentage of Iron-Laden Histiocytes 





Mean duration of 


Y Electrophoresist 
No. of . PHFet- 5 





Technique : : 
M hypotension * patents 4 D 3 
min % 

Controls (from previous study) Normotensive 10 2.4 x 0.3 — — — = 
Halothane and IPPB (BP 50 torr or less) 101 x 17 10 36.03: 4.5 «0.0005 5 0 0 
Halothane and IPPB (BP 60-65 torr) 86 + 18 6 2.6 + 1.9 NS$ 1 0 0 
Sodium nitroprusside (BP 60-65 Torr) l 
1. N20-halothane 107 +17 6. "LOEZ NS 1 O 0 
2. N2O0-narcotic _ 90 + 19 6 0.3 + 0.5 NS 0 ‘0 O 
Trimethaphan (BP 60-65 torr) 
1. N.O-halothane 103 + 17 6 1.0 x 1.5 NS 1 0 0 
2. N2O-narcotic 102 + 16 9 1.3 + 0.6 NS 2 0 0 





* Values are means + SE. 


T PHFe, Percentage of iron-laden histiocytes at the termination af hypotension. A PHFe of 2% or above in the first specimen 


excluded the patient from the study. Values are means + SE. 


i Electrophoresis code (2nd specimen): A band in the middle strip of the t rst specimen excluded the patient from the study. 1, 
haptoglobin-hemoglobin band; 2, hemopexin-heme band; 3, methemelbumin kand. 


§ NS, Not significant. 


ANESTHESIA AND ANALGESIA 
Vol 59, No 3, March 1980 


199 


TRACHEOBRONCHIAL HISTIOCYTES 


: x r v. ^ et dm 
a P^ : 
s+ 1 Y 
^. 
j . 


. 
Mu s WEM momo nem mec IO, sa puede ep ACRES O g t 
P - T -- ne eine cages Fae 


- 09 meme mm 


Bom, o m nrc aca an c gr APR a 
oa - 


Fig 3. Electrophoretic pattern of a patient undergoing profound 
induced hypotension with halothane and positive pressure. Note 
the benzidine-stained band in the haptoglobin (top) and hemo- 
globin immune interaction areas (bottom). 


(Fig 3). There was no significant increase in iron- 
containing histiocytes or change in electrophoretic 
pattern in any of the patients subjected to moderate 
hypotension compared to a control group of 10 nor- 
motensive patients reported in a previous study.* The 
mean period of hypotension did not differ signifi- 
cantly in the six groups. | 


Discussion 


In contemporary clinical practice the use of con- 
trolled hypotension is widespread. The advantages to 
both the surgeon and the patient are well docu- 
mented,"? but a certain amount of controversy still 
exists over the means by which the pressure should 
be lowered.?*!! Common technigues include the use 
of halothane and intermittent positive pressure 
breathing (IPPB), ganglionic blocking agents, and di- 
rectly acting vasodilator drugs. The mistaken early 
concept that halothane possesses a ganglionic block- 
ing action and causes little change in cardiac output 


led to its widespread use as the sole means of reducing : 


the pressure." ^ The majority of recent studies sug- 
gest a two-phase action of halothane. Initial pressure 
reduction is due to a decrease in cardiac output re- 
sulting from a dose-related depression of myocardial 
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contractility, but with no change in total peripheral 
resistance, After several hours of anesthesia, however, 
there is a steady return of cardiac output to or slightly 
above control levels, with simultaneous reduction of 
total peripheral resistance.” ^ '$ Despite myocardial 
depression, reduction of myocardial and cerebral ox- 
ygen requirement occurs with halothane which may 
be beneficial in terms of the ratio between oxygen 
utilization and oxygen supply." Notwithstanding, 
many authors are reluctant to recommend the use of 
halothane and IPPB alone, but rather advocate the use 
of halothane and IPPB in conjunction with a gangli- 
onic blocking agent or with a directly acting vasodi- 
lator. At present, insufficient data are available to 
judge the effect of halothane on the oxygen require- 
ment of all body tissues when controlled hypotension 
is effected in this manner. 

Significant impairment of tissue perfusion is ac- 
companied by anaerobic metabolism, lysosomal dam- 
age, and release of lysosomal and microsomal en- 
zymes which appear to be proportional to the duration 
and intensity of the impairment of tissue perfusion.” 
There is evidence that changes in red cell glycolytic 
activity may cause erythrocytes to rupture (Fig 4). The 
catabolism of hemoglobin after its appearance in the 
serum is independent of the mechanism of its release. 


VOLUME 
SHOCK REPLACEMENT 
| + Oo 
TISSUE 
HYPOPERFUSION 
HYPOXIA 
ACIDOSIS 


LYSOSOMAL DAMAGE bow : 
RELEASE OF ———— ——— ————2» MEMBRANE DAMAGE 
LYSOSOMAL ENZYMES 
RELEASE OF 
MICROSOMAL ENZYMES 


ALTERED GLYCOLYTIC METABOLISM 


HEMOLYSIS 
EXCESS 

RES 4-——— HEME PIGMENTS 
IN SERUM PROTEINS 


| 


TISSUE TOXICITY 


Fig 4. Sequence leading to hemolysis in shock and during 
induced hypotension. (Reprinted from the New York State Jour- 
nal of Medicine (77: 2218, 1977) with permission of the Medical 
Society of the State of New York.) 
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Some of the free serum hemoglobin attaches to hap- 
toglobin (an alpha-globulin) to form haptoglobin-he- 
moglobin, which is carried to the reticuloendothelial 
system (RES) (Fig 5). In the RES the hemoglobin is 
degraded to recycle the iron. If haptoglobin becomes 
saturated, degradation of free hemoglobin occurs in 
the presence of acidosis to form toxic heme pigments. 
Heme is carried in the serum as either free heme, on 
hemopexin as hemopexin-heme, or on albumin as 
methemalbumin. Hemopexin (a beta-globulin) has a 
high affinity for heme but is present in small amounts 
and thus is quickly saturated. Albumin has a lower 
affinity for heme but provides a large nonspecific 
pool available for binding of heme which can only be 
discharged when free hemopexin reappears.” The 
technique of immunoelectrophoresis allows detection 
of hemopexin-heme at a concentration of 10 ug/ml 
and methemalbumin at a concentration of 20 ug/ml. 
In our patients haptoglobin-hemoglobin was mainly 
found in the serum of patients undergoing profound 
hypotension with halothane and IPPB (Fig. 3). The 
lungs are known to act as a filter for white cells, 
histiocytes (macrophages and monocytes), and other 
particles such as fat, amniotic fluid, etc. The increase 
in the percentage of iron-laden histiocytes in the 
tracheobronchial secrections, in the presence of he- 
molysis, indicates effective activity of the RES in the 
"scavenging" of hemoglobin and its metabolites. A 
previous study! has shown that tracheobronchial se- 
cretions normally contain less than 296 iron-laden 
histiocytes. 

Our results show that during profound hypotension 
induced with halothane and IPPB an abnormal quan- 
tity of inorganic iron appears in tracheobronchial 
histiocytes, a finding which suggests impaired tissue 
perfusion. However, during moderate hypotension 
produced by any of the techniques described, there 
was little or no evidence of excessive free hemoglobin 
either in the histiocytes of tracheobronchial secretions 
or in the serum. When halothane is used, the lack of 
evidence of hemolysis with moderate hypotension 
makes a drug-related cause unlikely. Of particular 
interest, the increase in the number of histiocytes 
found in patients in whom profound hypotension was 
used correlates well with the presence of haptoglobin- 
hemoglobin and a high PHFe in reversible shock.” * 
We suggest that in profound hypotension the right- 
hand pathway (Fig 5, arrow) is activated, but the 
degree of acidosis present is insufficient to catabolize 
the hemoglobin into heme pigments (left-hand path- 
way). The detection of haptoglobin-hemoglobin in 
the serum, together with a significant increase in the 
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Fig 5. Pa ways for catabolism of hemoglobin in shock (both 
sides) and severe induced hypotension (right only—see arrow). 
(Reprinted from the New York State Journal of Medicine (77: 
2218, 197 ") with permission of the Medical Society of the State 
of New Yorx.) 


percentage of iron-containing histiocytes in the tra- 
cheobronchial secretions, suggests a degree of im- 
pairment of tissue perfusion comparable to that found 
in mild hemorrhagic shock. However, when moderate 
hypotens on was employed there was no evidence of 
impaired tissue perfusion with any of the techniques 
used. All 5f our patients made an uneventful recovery, 
irrespective of the method of hypotension used, pre- 
sumably partly because of the absence of free hemes 
in their serum which is allegedly toxic to the kid- 
ney. 2 
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Outcome of Surgery and Anesthesia 


The outcome of surgery in 500 patients over 80 years of age was studied. Hospital mortality rate 
within 1 month of surgery was 6.296. The American Society of Anesthesiologists class 1 to 5 
preoperative evaluation scale was useful in predicting death—less than 1% of class 2 patients died, 4% 
of class 3, and 2596 of class 4. Six of seven perioperative deaths were caused by mesenteric infarction. 
Myocardial infarction was the leading cause of postoperative death. Of 141 patients who underwent 
upper abdominal surgery 24% required controlled ventilation for more than 24 hours postoperatively, 
57% after intrathoracic surgery, and only 2% after surgery that did not enter pleura or peritoneum. No 
deaths occurred in 47 patients after gallbladder surgery or in 27 patients after peripheral vascular 
surgery. (Djokovic JL, Hedley-Whyte J: Prediction of outcome of surgery and anesthesia in patients 


over 80. JAMA 242:2301-2306, 1979) 
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SIVARAJAN, M., AMORY, D. W., EVERETT, G. B., AND BUFFINGTON, C.: BEod pressure, not 
cardiac output, determines blood loss during induced hypotension. Anesth Analg 59:203- 


206, 1980. 


Cardiac output characteristically decreases during trimethaphan infusion but is well main- 
tained or increased during sodium nitroprusside infusion. We postulated that at similar levels 
of mean arterial pressure, sodium nitroprusside might be associated w th greater blood loss 
than trimethaphan due to the increase in cardiac output. We studied 2) young healthy 
patients scheduled for bilateral sagittal osteotomies of the mandible. Ten subjects received 
trimethaphan and 10 subjects received sodium nitroprusside. Using helothane (0.8% to 1%) 
and nitrous oxide (60%) for maintenance of anesthesia, trimethaphan »r sodium nitroprusside 
was infused to maintain mean arterial pressure between 55 to 60 torr. Cardiac output was 
measured in five subjects in each group. Heart rate and cardiac outpuc increased significantly 
and total peripheral resistance decreased significantly during sodium mitroprusside infusion 
when compared to trimethaphan infusion. There were no significant di ferences in duration of 
hypotension or in blood loss. We conclude that operative blood loss daring induced hypoten- 
sion is determined by mean arterial pressure, not cardiac output. 


Key Words: ANESTHETIC TECHNIQUES: Hypotension, induced. 





TUDIES in human subjects have shown that car- 
diac output is significantly decreased during tri- 
methaphan infusion"? but is well maintained or in- 


creased during sodium nitroprusside infusion.^ * 


Didier et al’ have suggested that subjective estimation 
of the dryness of the surgical field correlated better 
with cardiac output than mean arterial pressure, the 
field appearing drier and more satisfactory when car- 
diac output was decreased. We postulated that at 
similar levels of mean arterial pressure, sodium nitro- 
prusside might therefore be associated with greater 
blood loss during surgery than would be present if 
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trimethapchan were used, due to an increase in tissue 
blood flow as a result of the increase in cardiac output - 
associated with nitroprusside. To test this postulate, 
we meast red hemodynamic changes and blood losses 
in two g-oups of patients having the same type of 
surgery; -hese patients were randomly assigned to 
receive tr methaphan or sodium nitroprusside. 


Methods and Materials 


The stady was approved by the institutional Hu- 
man Subjects Review Committee. Informed consent 
was obtamed from each subject. 

The stidy included 20 subjects, 10 receiving tri- 
methaphan and 10 receiving sodium nitroprusside. 
Subjects were randomly assigned to receive one of 
the drug: by drawing the name of the drug from an 
envelope Inasmuch as hypotension was the depend- 
ent varia»le, we excluded from the study those sub- 
jects in vhom we were unable to decrease mean 
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arterial pressure with the drug assigned. Replacement 
sampling was carried out by returning the slip of 
paper bearing the name of the drug to the envelope 
to be drawn once again at random. These methods 
were used until 10 patients were assigned to each of 
the two groups. 

Subjects of the study were A.S.A. class I patients, 
ranging in age from 14 to 38 years, scheduled for 
bilateral sagittal osteotomies of the mandible for cor- 
rection of malocclusion. All operations were per- 
formed by the same surgeon. All patients were pre- 
medicated with pentobarbital, 100 to 150 mg IM; 
fentanyl, 0.05 to 0.1 mg IM; droperidol, 2.5 to 5 mg 
IM; and atropine, 0.3 to 0.4 mg IM; approximately 45 
minutes before they were brought to the operating 
room. À 16-gauge catheter was placed percutaneously 
in a peripheral vein for infusion of lactated Ringer's 
solution and drug administration. A 20-gauge catheter 
was placed percutaneously in a radial artery for meas- 
urement of blood pressure, blood gas tensions, and 
cardiac output. A 16-gauge central venous catheter 
was also placed percutaneously via the basilic vein in 
five of the subjects in each group for injection of 
indocyanine green. Both arterial and central venous 
catheters were attached to Statham (P-23ID) pressure 
transducers. Anesthesia was induced with thiopental, 
3 to 4 mg/kg IV, and the trachea intubated via the 
nasal route 3 to 5 minutes after pancuronium, 0.1 mg/ 
kg IV. Anesthesia was maintained with halothane 
0.8% to 1%, nitrous oxide 6096, and oxygen 40% 
(calculated from individual and total flows). Ventila- 
tion was controlled to maintain Paco, between 35 and 
45 torr. Subjects were then placed in 15? head-up 
position. Arterial pressure transducers were placed at 
the level of the external auditory meatus. Control 
hemodynamic measurements were made approxi- 
mately 15 minutes later. Mean arterial pressure was 
derived by electronic integration of the instantaneous 
pressure tracing. Cardiac output was measured in 
duplicate in five subjects in each group by the dye 
dilution technique using indocyanine green and a 
Gilford 420 cardiac output computer system. 

The throat was packed with preweighed wet 
sponges before the beginning of surgery. As described 
above, by random selection subjects were assigned to 
receive either trimethaphan or sodium nitroprusside. 
The drug infused was not revealed to the surgeon. 
The drug was infused with a McGaw volumetric 
infusion pump. Drug infusion was begun before mu- 
cosal incision and the rate of infusion adjusted to 
maintain mean arterial pressure between 55 to 60 torr. 
Bleeding during surgery, which was confined to the 
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cavity of the mouth, was aspirated into a ‘suction 
container. Írrigating fluid was carefully measured. 
Approximately 30 minutes after induction of hypo- 
tension, hemodynamic measurements were repeated. 
Drug infusion was terminated approximately 10 min- 
utes before the anticipated end of the operation. Blood 
loss was carefully measured after taking into account. 
volumes of liquid represented by the wet throat packs 
and the irrigating fluid. The surgeon was asked to 
score the condition of the surgical field on a scale of 
1 to 10, 1 being "dry and ideal" and 10 being "wet 
and hopeless." 

Hemodynamic changes during each drug infusion 
were compared with control values for the same group 
using a Student's t-test for paired observations. 
Within each group, age, body weight, heart rate, mean 
arterial pressure, and blood loss in the five patients in 
whom cardiac output were measured were compared 
to the same parameters in the remaining five patients 
using a Student's t-test for unpaired observations. 
Hemodynamic values, blood loss, and surgeon's score 
in the two groups were compared using a Student's t- 
test for unpaired observations. Changes were consid- 
ered statistically significant when p « 0.05. 


Results 


Within each group, there were no statistically sig- 
nificant differences in age, body weight, heart rate, 
mean arterial pressure, and blood loss between the 
five patients in whom cardiac outputs were measured 
and the remaining five patients. Hence, values for 
these common parameters for the 10 patients in each 
group were combined. 

Hemodynamic data are summarized in Table 1. 
Mean values for mean arterial pressures were 53 + 5 
torr during trimethaphan infusion and 56 + 3 torr 
during sodium nitroprusside infusion. When com- 
pared to control values for the same group, heart rate 
was significantly decreased by 9% during trimetha- 
phan infusion but significantly increased by 16% dur- 
ing sodium nitroprusside infusion. Trimethaphan 
produced a significant 37% decrease in cardiac output 
whereas sodium nitroprusside produced a significant 
27% increase in cardiac output. Since decreases in 
mean arterial pressure and cardiac output during 
trimethaphan infusion paralleled each other, total pe- 
ripheral resistance remained unchanged. Sodium ni- 
troprusside, however, produced a 35% decrease in 
total peripheral resistance. Changes in heart rate, 
cardiac output, and total peripheral resistance pro- 
duced by the two drugs were significantly different 
when compared to each other. 


SIVARAJAN 


TABLE 1 
Hemodynamic Changes during Trimethaphan and Sodium Nitroprusside infusion* 


Significance of differ- 
ence between trimeth- 


Nitroprusside aphan and nitroprus- 


Trimethaphan 


side groups 
Control 30 min Control 30 min Control 30 min 
Heart rate (beats/min) 98 +13 89 + OT 108 + 14 125 + 181 NS] p «0.001 
Mean arterial pressure (torr) 76 X 10 53 + 58 72206 56 + 38 NS NS 
Central venous pressure (torr) 6+4 643 4+2 3242 NS NS 
Cardiac output (L/min) 6.4 + 1.4 41-061 65407 8.3 + 1.41 NS p «0.01 
Total peripheral resistance (dynes-sec-cm7°) 835 + 209 7862114 819 + 66 529 + 103} NS p « 0.01 


* There were 10 subjects in each group but central venous pressure, cerdiac output, and total peripheral resistance were 
measured in only five subjects in each group. Values are means + SD. 

T p < 0.05 when compared to control values for the same group. 

+ p < 0.01 when compared to control values for the same group. 

8 p < 0.001 when compared to control values for the same group. 


|| N3, not significant. 


TABLE 2 


Other Intraoperative Measurements during Trimethaphan 
and Sodium Nitroprusside Infusion* 


Trimethaphan Nitroprusside 
(N = 10) (N = 10) 
Duration of hypotension (min) 78 + 30 78 + 35 
Intravenous fluids (mI) (lactated 1640 + 486 1745 + 579 
Ringer's solution) 
Blood loss (ml) 170 + 102 183 + 92 
Surgeon's score 
2.0+ 0.9 20+ 1.3 


] 1 — dry, ideal | 
10 — wet, hopeless 


* Values are means + SD. 





There were no significant differences in the dura- 
tion of hypotension, in total intravenous fluids ad- 
ministered, or in blood loss between the two groups 
(Table 2). Both drugs produced satisfactory surgical 
fields zs indicated by the surgeon's scores and there 
was nc significant difference in the surgeon’s score 
between the two groups (Table 2). 

Mean infusion rates of sodium nitroprusside re- 
quired to maintain mean arterial pressure between 55 
to 60 torr varied from a low of 1.3 ug/kg/min to a 
high of 15.2 ug/kg/min. However, the total dose of 
sodium nitroprusside did not exceed 1 mg/kg in any 
of the subjects due to the relatively short duration of 
hypotension and surgery. 


Discussion 


Principal advantages of deliberately induced hy- 
potension are creation of a satisfactory surgical field 
to facilitate surgery and reduction of blood loss to 
decrease the need for blood transfusions."" Although 
they did not measure blood loss, Didier et al' using 
trimethaphan to induce hypotension, reported that 


satisfactory surgical field resulted only when de- 
creases in cardiac output were greater than 20%. In 
four of tFeir 20 subjects who exhibited only small 
decreases in cardiac output, the surgical field was 
judged to be unsatisfactory even though there was 
substantial reduction in mean arterial pressure. But, 
Amaranata et al? in a retrospective survey, found 
good correlation (r — 0.84) between systolic blood 
pressure end estimated blood loss. Thompson et al’ 
reported no significant differences in blood loss 
whether deliberate hypotension was induced with 
deep halothane anesthesia (2% to 4%), or light halo- 
thane anesthesia (0.5% to 1.5%) combined with so- 
dium nitroprusside administration, but they did not 
measure cardiac output in their subjects. 

Hemodynamic changes that we observed with the 
two drugs are in agreement with previous reports.'? 
Our findiags suggest that bleeding is proportional to 
mean arterial pressure and not cardiac output. Al- 
though sodium nitroprusside produced significant 
and substantial increases in cardiac output when com- 
pared to trimethaphan, blood loss and the condition 
of the surgical field as reflected by the surgeon's score 
were not significantly different from that produced 
by trimethaphan. A possible explanation is that the 
15° head-up tilt might have resulted in pooling of 
blood in tie dependent portions so that blood flow to 
the somat-c structures of thé head, such as mandible, 
was purely pressure dependent. 

In conc usion, we observed that sodium nitroprus- 
side produced significant increases in heart rate and 
cardiac output and a significant decrease in total 
periphera. resistance whereas hypotension produced 
by trimethaphan was associated with significant de- 
creases in heart rate and cardiac output without a 
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change in total peripheral resistance. At similar levels 
of mean arterial pressure, there were no significant 
differences in blood loss and the condition of the 
surgical field during surgery whether hypotension 
was induced with trimethaphan or sodium nitroprus- 
side. 
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Rebound Phenomenon after Nitroprusside Withdrawal 


The hemodynamic events that followed abrupt cessation of nitroprusside infusions were studied in 
20 patients with severe chronic heart failure. Nitroprusside increased cardiac index from 1.96 to 2.87 
L/min/m/ of body surface area, but after cessation of nitroprusside cardiac index decreased to 1.66 
( p « 0.001). Left ventricular filling pressure and systemic vascular resistance decreased from 23.9 to 
15.3 mm Hg and from 1642 to 921 dyn-sec-cm™, respectively, with nitroprusside, but increased to 
30.4 mm Hg and 2109 dyn-sec-cm™ (both p < 0.001) upon its discontinuation. These rebound 
changes were maximal 10 to 30 minutes after nitroprusside withdrawal and returned to control levels 
1 to 3 hours later. These rebound changes caused little or no exacerbation of symptoms in 17 of 20 
patients, but in three patients pulmonary edema, which resolved with readministration of nitroprus- 
side, developed. Activation of reflex vasoconstrictive forces during vasodilator therapy may explain 
these effects of withdrawal. (Packer M, Meller J, Medina N, et al: Rebound hemodynamic events after 
the abrupt withdrawal of nitroprusside in patients with severe chronic heart failure. N Engl J Med 
301:1193-1197, 1979) : 
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MACKENZIE, C. F., SHIN, B., HADI, F., AND IMLE, P. C.: Changes in total Ling/thorax compli- 
ance following chest physiotherapy. Anesth Analg 59:207-210, 1980. 


To quantitate and obtain objective assessment of the effect of secretior clearance following 
chest physiotherapy (CPT), total lung/thorax complicance (C1) was calzulated immediately 
before and for 2 hours after one treatment with CPT. Forty-two patiente who were mechani- 
cally ventilated because of respiratory failure were studied. Therapy averaged 57 minutes and 
included postural drainage, percussion, vibration, and endotracheal sustioning. The increase 
in Cx following CPT was statistically significant (p < 0.01) and remained so for at least 2 
hours after CPT. There was no difference in the degree to which Cr changed in patients with 
different indications for CPT or in patients ventilated with positive end-expiratory pressure. 
Largest mean values for Cr were obtained 2 hours following CPT, the curation of our meas- 
urement of Cr. Chest x-ray identification of affected areas of lung befor CPT is necessary to 
allow the physiotherapist to produce the Cr changes noted in this study. C1, which can be 
readily calculated from many recently designed ventilators, mav be mo aitored during CPT to 
evaluate the efficacy of treatment and to quantitate the effect of secretion clearance following 
CPT. Duration of CPT should be determined by C, and auscultation. 


Key Words: LUNG: physiotherapy; LUNG: compliance. 





ANY AUTHORS? have noted difficulty in 

obtaining objective measurements of the ben- 
efits that occur in patients with lung disease following 
removal of airway secretions. Respiratory function 
tests can be helpful,*® but some, such as forced 
expiratory volume in 1 second (FeV), may precipitate 
small airway closure thereby altering the function that 
they are assessing.’ Assessment of effectiveness of 
secretion clearance by volume of sputum production 
is notoriously unreliable.” Few quantitative data are 
availab:e in the literature on the efficacy of chest 
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physiotherapy (CPT) in the management of acute lung 
pathology? even though clinical improvement may 
result. We have previously reported chest x-ray im- 
provemenr in 32 of 47 or:6896 of patients treated with 
CPT, the >utcome being most dramatic in patients 
with unilcbar atelectasis of acute onset? However, 
both clini al and radiologic changes are subjective. 
To obtain an objective assessment, and in an attempt 
to quantitite the changes occurring following CPT, 
total lung "thorax compliance was studied immedi- 
ately prior to and for 2 hours following CPT. 


Methods 


In all patients ventilation was mechanically con- 
trolled (mean tidal volume 11.5 ml/kg) and they were , 
in phase with the ventilator. Patients were sedated 
with diaze»am and/or morphine; no muscle relaxants 
were used. Total Jung/thorax compliance (Cr) was 
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calculated from the relationship Cr = AV/PIEP — 
PEEP where PIEP (cm H20) was the end inspiratory 
‘plateau’ pressure, PEEP (cmH2O) was the end expir- 
atory pressure, and AV was the inspired volume less 
the compressible volume (Vcomp = PIEP X 4.5 ml 
using standard tubing and humidifier). Inspired 
minute ventilation was measured from the ventilator 
flow meters and inspired volume calculated by divid- 
ing it by respiratory rate. The lack of direct measure- 
ment of expired volume is a limitation of this study, 
but calculated Veomp did not differ significantly from 
direct measurement in other studies, PIEP was the 
pressure at end inspiration, which is seen as a pause 
on the airway pressure gauge. This can be read with- 
out ventilator adjustment as the pause is an integral 
part of the Engstrom ventilator sine wave accelerated 
flow pattern." PIEP closely approximates alveolar 
pressure during the no flow period and therefore can 
be used to estimate Cr. Cr was measured with the 
patient in the supine horizontal position before CPT, 
immediately upon completion of CPT, and at half- 
hour intervals for 2 hours thereafter. CPT was per- 
formed after identification of the affected lobe or 
segment using daily portable chest x-rays. CPT in- 
cluded postural drainage, percussion, vibration, and 
endotracheal suctioning as previously described.? Du- 
ration of treatment averaged 57 (range 30-110) min- 
utes, at which time the chest was clear to auscultation. 

Forty-two patients were studied. Mean age was 34.6 
years (range 15-81). There were 31 male patients. All 
had suffered trauma an average of 5.9 days, earlier 
and had been admitted to the.Critical Care Récovery 


Unit of the Maryland Institute for Emergency Medical - 


Services Systems (MIEMSS) in Baltimore. All patients 
were ventilated by means of a controlled volume 
ventilator (Engstrom 300) because of respiratory fail- 
ure. In 30 patients, PEEP of 4 to 18 ém H2O was used. 
The indications for chest physiotherapy included clin- 
ical and radiologic evidence of atelectasis in 29 pa- 
tients, contusion in eight, pneumogia in three, and 
adult respiratory distress syndromé (ARDS) in two 
patients.Twenty-two patients had unilobar and 20 
multilobar lung pathology. Unilobar densities were 
found most frequently in the left lower lobe (ten 
cases), in four the right upper lobe was involved, and 
in three the right lower lobe. Radiologic densities 
were infrequently found in the left upper lobe (two 
cases), in the right middle lobe (two cases), and in the 
lingula fone case). In seven of the 20 patients with 
multilobar involvement the lung pathology was bilat- 
eral, The paired t-test was used to measure statistical 
significance. 
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Results 


A statistically significant (p < 0.01) increase in Cr 
occurred immediately, 2, 1, 1/6, and 2 hours following 
therapy compared to the values before CPT (Figure). 
Of the 42 patients 37 showed an increase in Cr. In 30 
patients the increase occurred immediately following 
CPT. In 25 of the 37 patients the increase in Cr was 
progressive. The highest levels of Cr were obtained 
2 hours following CPT. 

The increase in Cr was statistically significant (p 
< 0.001) in the 22 patients with unilobar lung pathol- 
ogy as well as in the 20 patients with multilobar 
pathology ( p < 0.05). There was, however, no signif- 
icant difference in changes in Cr related to whether 
patients had atelectasis, lung contusion, pneumonia, 
or ARDS. There was also no significant difference in 
changes in Cr between patients ventilated with or 
without PEEP or those treated with CPT for less than 
or for more than 60 minutes. 

Five patients showed no increase in Cr following 
CPT. Two of these patients who were ventilated with 
PEEP and had atelectasis showed no change through- 
out the period of study. Two patients, one with pneu- 
monia the other lung contusion, showed a decrease in 
Cr for up to 1 hour following therapy before Cr 
returned to the control level. One patient with a 
severe lung contusion and copious bloody secretions 
showed a decrease in Cr of 5 ml/cm/H20. 


Discussion 


The mechanism by which CPT affects Cr is un- 
known, but CPT is known to enhance movement of 
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Figure. Changes in total/lung thorax compliance in relation to 
a single treatment with chest physiotherapy. 
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bronchial secretions from peripheral to more central 
lung regions and thus to aid in their expectoration” ? 
and this is thought to be benefical.” > * ' Alterations 
in compliance of the lung parenchyma itself are un- 
likely to be the cause of the rise in Cr that occurred 
following CPT. Chest wall compliance will influence 
Cr calculation but since the duration of the study was 
only a few hours it is unlikely that changes in chest 
wall compliance sufficent to produce the observed 
change in Cr would have taken place. Changes in 
large airways resistance alter peak airway pressure 
but not end inspiratory pressure and Cr calculation. 
Therezore, the increase in Cr was probably secondary 
to the recruitment of more functioning alveolar units 
as a result of mobilization and clearance of secretions 
from the small airways. This is also suggested by the 
finding that increases in functional residual capacity 
(FRC) following CPT in infants parallel changes in 
dynamic lung compliance.” 

The highest mean Cr was obtained 2 hours after 
CPT, and the rise in Cr was progressive in 25 of the 
37 patients. These factors suggest that once secretions 
have been removed, the airways continue to open up 
even as long as 2 hours following therapy. Unfortu- 
nately, since we did not measure Cr for more than 2 
hours after CPT the duration of the observed increase 
in Cr remains undetermined. 

The hypothetical benefits of PEEP in assisting the 
opening and recruitment of alveoli and the ability to 
restore FRC’® have made others suggest PEEP in the 
management of lobar atelactasis.’’ However, we were 
unable to show that PEEP made any difference in our 
patients. 

The relatively consistent improvement in Cr fol- 
lowing CPT that we report stands in contrast to results 
reported by others.” * ® * In part the difference may 
be due to the fact that in our institution CPT is started 
within 4 hours of the routine daily portable antero- 
posterior chest x-ray. This enables the patient to be 
correctly positioned for postural drainage with the 
affected lobe or segment as identified by chest x-ray 
uppermost and thereby allows application of vibra- 
tion, percussion, and endotracheal suctioning with the 
patient in the best position to assure drainage. 

In some centers CPT on adults lasts only a few 
minutes,’® in other centers 7 to 20 minutes,” while in 
some it is restricted to a predetermined duration of 
20 minutes." We have found none of these periods 
sufficient to clear atelectasis in adults or to produce 
either changes in compliance or radiologic improve- 
ment following CPT as we have previously reported.? 
We suggest that therapy should be directed at a 


specific bobe or segment and should be continued 
until auscultation reveals signs of improvement such 
as increased air entry and reduction of adventitial 
breath so.inds. Since the mean treatment time was 57 
minutes we suggest that in adults the total time in- 
cluding positioning for postural drainage, percussion, 
vibration. suctioning, and return to the original posi- 
tion shotld be about 1 hour. If improvement in Cr 
and auscultatory signs takes place before this, then 
therapy can cease. Changes in Cr may be easily 
observed by the therapist and may be used to evaluate 
the efficacy of treatment. We could find no associa- 
tions between changes in Cr and indications for CPT. 

Since tae inspiratory pause can be made an integral 
part of the flow pattern of recently designed ventila- 
tors such as the MA2, Servo 900, Ohio 560, Forregger 
210, and 3ear I, this method of calculating Cr should 
be as easly applied to these ventilators as it is to the 
Engstrom. Ventilators such as the MAI with "square 
wave" flcw patterns and no expiratory pause can be 
adjusted -o give an approximation to Cr by using the 
expiratory resistance or inflation hold.^ However, 
this maneuver in itself alters the characteristics of the 
lung being investigated, so that it would be difficult 
to document changes resulting solely from CPT or 
other the-apies. 

In conclusion, measurement of total lung/thorax 
compliance was clinically useful in quantitation of the 
effect of secretion clearance following chest physio- 
therapy in mechanically ventilated patients. The im- 
provemert in compliance with chest physiotherapy 


. treatment was significant and lasted for at least 2 


hours.” 
t E 
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Diazepam Prevents Some Adverse Effects of Succinylcholine 


Neuromuscular, circulatory, and adverse effects of intravenous succinylcholine (SCh), 1 mg/kg, 
were compared in three groups of 40 patients each. Group 1 served as control; group 2 received 
diazepam, 0.05 mg/kg, 5 minutes before SCh; and group 3 was given d-tubocurarine (d-Tc), 0.05 mg/ 
kg, for pretreatment. Diazepam pretreatment prevented muscle fasciculations, increases in serum 
potassium (K*) and in creatinine phosphokinase (CPK) levels, increases in heart rate and arterial 
pressure, and postoperative myalgia associated with SCh administration. The neuromuscular blocking 
action of SCh was not affected. Pretreatment with d-Tc did not abolish increases in serum K* and 
CPK levels and was associated with an incidence of postoperative myalgia higher than observed after 
diazepam; d-Tc also decreased the onset and magnitude of SCh-induced muscle paralysis. Diazepam, 
a predominant centrally acting muscle relaxant, is more effective than d-Tc in preventing the adverse 
effects of SCh. (Fahmy NR, Malek NS, Lappas DG: Diazepam prevents some adverse effects of 
succinylcholine. Clin Pharmacol Ther 26:395-398, 1979) 
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Plasma cholinesterase activity was periodically measured in bank blood. Of the initial plasma 
cholinesterase activity 8796 was retained after 21 days of storage at 4 C in citrate-phosphate- 
dextrose solution. In addition, plasma frozen for 7 weeks at —70 C shcwed no decrease in 
enzyme activity. No difference could be demonstrated in the stability o the enzyme related to 
whether the blood was stored in citrate-phosphate-dextrose or in acid—sitrate-dextrose solu- 
tion. Bank blood transfusion prior to or during succinylcholine administration should not 
significantly alter the duration of action of succinylcholine, and would rrobably be effective in 
the management of prolonged apnea resulting from a deficiency of this enzyme. 


Key Words: ENZYMES: plasma cholinesterase; TRANSFUSION: stored blood. 


UCCINYLCHOLINE is used in many anesthetic 

procedures to provide brief periods of muscular 
relaxation. Its short duration of action is dependent 
upon -apid enzymatic hydrolysis by plasma cholin- 
esterase (ChE).! A 50 to 80% deficiency of this en- 
zyme, such as in liver disease, has been shown to 
cause a 2- to 3-fold extension of succinylcholine 
induced apnea.” Similarly, genetically atypical var- 
iants of this enzyme also result in prolonged responses 
to succinylcholine.* * Thus, if ChE were not stable in 
stored blood, massive transfusion could result in a net 
plasma deficiency and would not be effective in re- 
ducing the duration of neuromuscular blockade. The 
following study was undertaken to determine the ChE 
activity of stored bank blood preserved with citrate- 
phosphate-dextrose (CPD) or acid-citrate-dextrose 
(ACD) solutions. 
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Methods and Materials 


Fresh v-hole blood was collected from eight male 
adults anc. stored at 4 C in the blood bank. From six 
of these donors, blood was collected and stored in 
bags (Fen-~al Laboratories, Division of Travenol Lab- 
oratories, Inc, Deerfield, IL) containing CPD antico- 
agulant. Elling volumes were the same in all bags as 
determined by weight. From each of the two remain- 
ing donors, two "half-units" were obtained, one bag 
containing CPD and another containing ACD as an- 
ticoagulart. The volume of anticoagulant solution in 
these halfunits had been adjusted prior to filling to 
maintain he same dilution as the whole units. These 
half-units were used to compare the effect on ChE 
activity of the anticoagulant preservative solution. 

Plasma ChE activity was measured periodically in 
the six whole units and in the four half-units during 
21 days cf storage. Blood samples were withdrawn 
from the "leader" of each bag with a sterile needle 
and syrinze using a sterile technique. Prior to sam- 
pling, am stagnant blood in the leader was pushed 
back into zhe bag, the contents of the bag were mixed 
gently by hand, and then the blood was allowed to 
flow back and forth into the leader three times to 
ensure the collection of a well-mixed sample. After 
sampling. the leader was heat-sealed immediately 
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proximal to the puncture site to maintain sterility. 
Plasma was fractioned by cold centrifugation at 5000 
rpm for 10 minutes. 

Enzyme activity was measured at pH 7.2 (phosphate 
buffer) and 25 C Ey a colorimetric assay (Boehringer 
Mannheim Corp, #415984). This assay, which is based 
on a method described by Garry and Routh,’ employs 
5 X 10? M acetylthiocholine iodide as substrate. 
Enzymatic hydrolysis of the substrate yields thioch- 
oline and acetate. Liberated sulfhydryl groups then 
react with 5:5-dithiobis-2-nitrobenzoic acid (DTNB) 
forming a 5-thio-2-nitrobenzoic acid, a yellow colored 
derivative. 

Optical density was measured every 30 seconds for 
3 minutes on a Zeiss PMQ 11 spectrophotometer at 
405 nm. Change in optical density per minute was 
calculated as the slope of a least squares line through 
the data points. Correlation coefficients (r^ ranged 
from .9785 to 1.0000, demonstrating that the rate of 
enzymatic hydrolysis was constant during the assay. 
Under these conditions enzyme activity is directly 
proportional to the rate of change in optical density 
and is expressed as units per milliliter. One unit of 
enzyme activity is defined as that quantity of enzyme 
which catalyzes the transformation of 1 umole of 
substrate per minute at 25 C. 

Cholinesterase activity was also measured in the 
presence of 10 * M dibucaine hydrochloride, a com- 
petitive inhibitor of ChE. The degree of inhibition of 
enzyme activity is expressed in percent as (1 — en- 
zyme activity with inhibition)/uninhibited enzyme 
activity X 100 and is called a "modified" dibucaine 
number, since the substrate, substrate concentration, 
and inhibitor concentration differ slightly from those 
employed by Kalow and Genest.' 

Throughout the course of this study all determi- 
nations were performed in duplicate. Al] values in the 
results section are expressed as means + standrard 
error of the mean. 


Results 


The serum ChE activity in eight healthy male adults 
measured immediately prior to donation of blood to 
be stored was 2.55 + 0.23 units/ml. Enzyme activity 
of each donor was within the range of normal values 
for the assay conditions.® ? Immediately after donated 
blood had been added to anticoagulant solution 
plasma ChE activity assayed from samples taken from 
the blood bag decreased by 17.5 + 2.0% (CPD) and 
21.4 X 1.296 (ACD). This rapid decrease in enzyme 
activity at the time of collection can be attributed to 
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dilution of the donor's plasma with the anticoagulant 
solution in the bag (1:1.25). We simulated the dilution 
effect by adding proportionate amounts of anticoag- 
ulant to prebag samples and found similar decreases 
in ChE activity: 20.1 + 0.8% (CPD) and 24.9 + 0.3% 
(ACD). 

The change in plasma ChE activity in bank blood 
(CPD) stored at 4 C as a function of time is shown in 
Fig 1. Data are expressed as a percentage of the initial 
bank blood enzyme activity. After 21 days of storage 
the plasma ChE activity was 86.9 + 1.1% of initial 
values. A paired t-test applied to the data showed this 
decrease to be statistically significant ( p « 0.001). 

To determine the time course of this decay, plasma 
ChE activity was measured more frequently in four 
of the CPD units. Data representing the decay in 
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Fic 1. Bar heights represent the plasma cholinesterase (ChE) 
activity of bank biood stored in citrate-phosphate-dextrose at 4 
C. Individual values were normalized as a percentage of their 
initial determination and then averaged (n — 8). After 21 days of 
storage 86.9 + 1.1% of the initial enzyme activity remains ( p 
« 0.001). 
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Fia 2. Sequential decay in the plasma cholinesterase activity. 

Asin Fig 1, mean values (n = 4) were calculated from normalized 

data. Of the total drop in enzyme activity, 8896 occurred during 

the first 2 days of storage. 
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enzyme activity in each of the four units and the 
average decay (Fig 2) were analyzed for linear and 
exponential decay rates. No significant linear or ex- 
ponential regression in the data was found (r^ x 0.4). 

The "modified" dibucaine number in bank blood 
(CPD) was 88.1 + 1.0% initially (Fig 3), indicating the 
presence of normal or "usual" plasma ChE enzyme.” 
After 21 days of storage the modified dibucaine num- 
ber was 81.4 + 2.196, a drop of 7.2 + 2.596. Based on 
the paired t-test, this small drop was statistically 
significant ( p « 0.02). 

The decrease in plasma activity in bank blood 
stored in CPD was not statistically different from 
blood stored in ACD solution (Fig 4). The anticoag- 
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Fia 3. Change in the percent inhibition of plasma cholinester- 
ase activity by 1074 M dibucaine. After 21 days the "modified" 
dibucaine number drops 7.2 + 2.5% (p < 0.02). 
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Fia 4. Comparison of plasma cholinesterase stability in two 
paired units of bank blood stored in acid-citrate-dextrose (ACD) 
and citrate-phosphate-dextrose (CPD). Variation in the antico- 
agulant solution has no significant effect on the stability of the 
enzyme. 


ulant solution has no significant effect on plasma ChE 
stability in bank blood. 


Discussion 


Our re: ults indicate that bank blood stored in CPD 
for 21 dass at 4 C retained 87% of the initial plasma 
ChE activity. While this is at variance with certain 
previous observations," ? our data validate the recent 
studies of both Lanks and Sklar’ and of Schuh'* who 
found no significant change in plasma ChE activity in 
bank bloc d stored for 21 days in acid-citrate-dextrose 
(ACD) articoagulant solution. Although the 15% fall 
in enzyir= activity is statistically significant, such a 
decrease would not result in a significant prolongation 
of apnea ising the data of Foldes et al.^ The decrease 
estimatec from complete replacement by bank blood 
(87% of aormal) would result in a prolongation of 
apnea fram 3.0 to 3.6 minutes from succinylcholine 
(0.6 mg/Lg IV). This change is well within 1 SD of 
their normal range. In addition, since the modified 
dibucaine number changed only slightly during stor- 
age, it appeared that the qualitative ability of the 
enzyme © hydrolyze succinylcholine remained un- 
changed. 

Of the total decrease in enzyme activity 8896 oc- 
curred daring the first 2 days of storage. In the 
remaininz 3 weeks, the plasma ChE activity was sta- 
ble. The cause of this decay was uncertain. Data 
reported vy Callaway et al? suggest that this early 
decline ir activity may be linked to the presence of 
the red ce Is. If the cells and the plasma were separated 
and stored at O C, plasma ChE activity remained 
constant .or at least 5 days. In our laboratory, plasma 
frozen at —70 C for 7 weeks showed no loss in ChE 
activity. 

The fat? of plasma ChE in vivo reflects the level of 
potential risk of administration of succinylcholine to 
patients ‘who have received massive transfusion prior 
to surgery. Garry et al? measured ChE activity follow- 
ing transfusion of 2000 ml of whole blood in a patient 
identifiec as being homozygous “silent” for ChE. The 
half-life ef transfused enzyme was found to be 3.4 
days. This information, coupled with our findings on 
the stabilty of ChE in bank blood, indicates that it is 
unnecess. ry to avoid succinylcholine during proce- 
dures requiring massive transfusions. 

A purified human ChE preparation (Behringwerke) 
has recertly been used to treat prolonged succinyl- 
choline paralysis. Adequate spontaneous respiration 
was reestablished in 10 minutes after injection of 90 
to 135 mg of this preparation.* '’ Forty-five milligrams 
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of the enzyme concentrate has a ChE activity equal to 
500 ml of fresh human plasma. Transfusion of equiv- 
alent amounts of fresh frozen plasma or bank blood 
plasma might be as effective in reversing prolonged 
apnea. This concept is supported by Scholler et al* 
who demonstrated that transfusion of 1000 ml of 
bank blood prevented prolonged apnea after 60 mg 
of succinylcholine was administered to a patient who 
was homozygous for "atypical" ChE. Since purified 
ChE is not available in the United States, transfusion 
of stored bank blood represents, as our data show, an 
alternative in the treatment of prolonged neuromus- 
cular blockade after succinylcholine. 

In conclusion, plasma cholinesterase activity is well 
preserved in bank blood stored in CPD. Fresh frozen 
plasma is an even better source of the active enzyme. 
Thus, transfusion prior to or during succinylcholine 
administration should not increase the risk of pro- 
longed apnea. Similarly, fresh frozen plasma or bank 
blood could be effective as a treatment for prolonged 
apnea associated with decreased levels of ChE, but 
the risk of hepatitis should be weighed against the 
consequences of sustained ventilatory assistance. 
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Armored endotracheal: tübes are “fequeste ‘used 


during: anesthesia when bending or compression of 
the tube is likely to occur as in neurosurgery or head 
and neck and oral surgery. However, complications 
may. be associated with use of these tubes. They 
ch | le collapse of the tube inside the inflated cuff, 
obstruction caused by folding of the inner wall around 
the connector"? or double layering of the cuff pre- 
venting deflation? The layering phenomenon is ag- 
gravated by repeated autoclaving.! Airway obstruc- 
tion caused by nitrous oxide infiltration of the tube 
wall during anesthesia has not been described. The 
present report depicts this type of complication. 





Case Report 


A 57-year-old man with an epidermoid carcinoma of the 
floor of the mouth was scheduled for tracheostomy, bilateral 
neck dissection, total glossectomy, and partial mandibulec- 
tomy. Past medical history was noncontributory except for 
alcoholism and mild emphysema. Physical examination re- 
vealed that the tongue was fixed to the floor of the mouth 
but was otherwise unremarkable. Arterial blood pH was 
7.46; Paco, and Pao, were 37 and 87 torr, respectively. After 
intravenous thiopental (300 mg) and succinylcholine (80 
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CLINICAL 
reports 


mg}, oral tracheal intubation was performed. Anis io 
was mair£ained with nitrous oxide (N;O, 3L/min)inoxy- |. 
gen (Os 2 L/min) and halothane (0.6%) using a circle | 
system. After a tracheostomy, thi orotracheal tube was — 
removed and an armored latex rubber endotracheal tube ~ 
inserted "hrough the stoma. The armored tube had been. 
examinec: before use for defects by looking through the 
lumen. with. the cuff inflated. Respiration was controlled 
with an Ohio ventilator set to deliver an exhaled tidal 
volume íV,) of 0.7 L at a fre f 10/min. Peak 
inspiratory airway pressure rea; | HO. with a 
calculated ventilator compliance 2Q.- 
haled tidal volume was measured. ens 















the first. M 

Airway pressures returned to basal level: The 
tube was found to have an intramural air bubb: e 
reduced ts internal diameter by two thirds (Fig. dos 
bubble, 4.5 cm long (Fig. 1, B), was located 2 
away from the tube tip and contained 1.4 mle 
proximately 3 hours after insertion of the second tub 
airway pressure rose gradually to 65 cm H:O with a V, of 
0.45 L, a ventilator compliance of 0.0155 L/cm HO (Fig 2, 
time 0) end a prolonged expiration at the same ventilator 
settings. Elimination of N20 from the gas mixture and use 
of halothane in Os (5 L/min) brought the airway pressure 
down to 24 cm H;O with a V, of 0.82 L and ventilator 
compliarce up to 0.034 L/cm HzO in 20 minutes. At this 
point (Fig. 2, Ist arrow), adding N:O (3 L/min) to Os (2 L/ 
min) reproduced the complication in 55 minutes. Anesthesia 
was, theweafter (Fig 2, 2nd arrow), maintained uneventfully 
with halcthane in Qs and ventilator compliance returned to 
0.034 L/«m HO. Serial arterial blood gas analyses showed 
neither Fypercapnia nor hypoxia during the 13-hour anes- 
thesia. Æt the end of surgery, the endotracheal tube was 
replaced by a tracheostomy tube. The second armored tube 
was foumd to have a 3-cm bubble within the wall of the 
tube, 14.5 to 17.5 cm from the tip, obstructing its lumen by 
two thirds (Fig 1, C). Another small bubble was found 
elsewhere in the inner wall (Fig 1, D). The air bubbles in 
both tubes did not connect with the pilot tube. 
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Discussion 


Manufacturing of an armored tube requires re- 
peated dipping of wire or nylon coils in latex rubber. 
During this process dust particles or air bubbles could 
become implanted within the wall? These bubbles 
can expand when exposed to N20. If inward hernia- 
tion occurs as a result, airway obstruction ensues. 
Expansion of an intramural air bubble is accelerated 
by: (1) increased gas concentration gradient across the 
wall of the bubble, (2) decreased wall thickness, (3) 
increased gas permeability and solubility through the 
wall barrier, (4) low molecular weight of the gas, and 
(5) increased temperature. In this case, factors 3 to 5 
above did not vary. Therefore, only the gas concen- 
tration gradient and wall thickness of the bubble 


C 


FiG 1. End (A, C) and Idhgitudinal (B) views ‘of two partially 
obstructed armored endotracheal tubes. A small pense 
bubble was seen in the second tube (D). 
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Fia 2. Relationship between inspired N2O concentrations and 
ventilator compliance (C) during anesthesia. Fresh gas flows of 
N20 and O; are indicated in liters per minute. 


which was in direct contact with the anesthetics were 
factors influencing the speed of expansion of a pre- 
viously present, though not visible, air bubble in the 
tube wall. The time required for a given air bubble to 
reach the maximum size is unpredictable. It varies 
with the concentrations of N;O and Oz used during 
anesthesia and with the bubble wall thickness. Be- 
cause of this unpredictability one must pay special 
attention to changes in airway pressure and V, during 
anesthesia when N:O is used. When the rise in in- 
spiratory airway pressure and the obstruction become 
significant and surgery does not permit changing the 
tube, exclusion of NoO from the anesthetic mixture 
can improve the situation by reducing bubble size. 


REFERENCES 


1. Jacobson J: A hazard of armored endotracheal anesthesia. 
Anesth Analg 48:37-41, 1969 

2. Robbie DS, Pearce DJ: Some dangers of armored tubes. An- 
aesthesia 14:379-385, 1959 

3. Davis RM: Faulty construction of a reinforced latex endotra- 
cheal tube. Br ] Anaesth 35:128-130, 1963 

















Tntiicatdiac Knotting of a 
Flow-Directed Balloon- 
Tipped Catheter 


E. E. E. Fibuch, MD,* and G. F. Tuohy, MDT 








The use of pulmonary Artery flow-directed balloon 
catheters in surgical patients has increased in recent 
! Numerous articles"? have documented various 
is associated with their insertion and use. 
The most frequent nonpulmonary complication is the 
occurrence of cardiac arrhythmias during the catheter 
insertion.? A less frequent but potentially more severe 
complication is that of internal cardiac knotting." The 
following report illustrates a case of intracardiac knot- 
ting and the possible reasons for its occurrence. 





Case Report 


A 76-year-old man was admitted with the preliminary 
diagnosis of carcinoma of the head of the pancreas. After 
the appropriate diagnostic work-up, exploratory laparot- 
omy for biliary decompression was performed. During the 
operative procedure the estimate blood loss was 3000 ml. 
Postoperatively, the patient continued to bleed from the 
various abdominal drains; he required 20 units of whole 
blood and 10 units of platelet concentrate. Due to the 
continued bleeding, the patient was brought back to the 
operating room for reexploration of the abdominal cavity. 

Prior to induction of anesthesia for the reexploration of 
the abdominal cavity a pulmonary artery flow-directed 
balloon-tipped catheter was inserted to aid in monitoring 
the patient's hemodynamic status and regulating the 
amount of replacement fluids. After cleaning and draping 
the left side of the neck à number 18 gauge 4-cm steel 
needle with an over the shaft Teflon cannula was inserted 
into the left internal jugular vein without difficulty. (Al- 
though the right internal jugular vein is the preferred vein 
for insertion of a flow-directed pulmonary artery catheter 
in our institution, it could not be cannulated because of the 
presence of a previously placed hyperalimentation catheter.) 
A guide wire was inserted and the Teflon cannula with- 
drawn. A #8 French dilator with 12.5-cm thin wall external 
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sheath was then inserted over the guide wire into the le 
internal jegular vein without difficulty. A #7 French the 
mal diluton pulmonary artery flow-directed catheter at- 
tached to a previously calibrated pressure transducer was 
then inse-ted rapidly into the right atrium and advanced 
into the "ight ventricle while the electrocardiogram. and 
pressure "waveforms were monitored oscillographically. 
After appropriate identification of the right ventricular pres- 
sure waveform the balloon of the catheter was inflated with 
0.5 ml o^ air and advanced into the pulmonary artery. 
Multiple attempts at advancing the catheter from the right 


ventricle anto the pulmonary artery were required beforea ^. 


pulmonary capillary wedge pressure could be measured. 
The pulmonary capillary wedge pressure was obtained with 
the catheer inserted 75 cm from the left internal jugular 
vein. No chest x-ray was obtained at this point. 
Approzimately 12 hours after the. second operative pro- 
cedure the pressure waveform of the pulmonary artery 
tracing as»peared to be dampened. Flu ing the catheter 
with i salad dn saline in an: effort to restore a. normal 











draw the zatheter and replace it was fade however, after o oo 


the catheter had been pulled back 30 cm (45.cm still 
remania in the tae resistance to further withdrawal 






oy venmiclé appearing to double back upon viel Tt was 
felt that tae catheter was either wrapped around a chorda . 
tendineae or was embedded in an organized. thrombus in 
the right "entricle. Attempts at removing the catheter were 
unsuccessful and in each’ instance the patient developed 
multiple- socal ventricular premature contractions. Because 
of the paient s critical condition the catheter was allowed 
to remairkin place. Approximately 48 hours after the second 
operative procedure the patient died from continued mas- 
sive bleecing. “ 

At aut»psy, the heart; pulmones artery, and superior 
vena Cave were removed intact. The superior vena cava, 
n atriam, right ventricle, and; | pulmonary a were 





In the Figure the catheter can be: seen passing through the 
right atriam wrapping and around a chorda tendineae of 
thé tricusoid valve. The catheter is noted to be twisted and 
knotted ia a figure eight configuration before entering the 
pulmonary artery. & 


Discussion 


Pulmcaary artery flow-directed catheters have been 
used extensively for monitoring surgical patients.’ 
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FicuRE. Right atrium and right ventricle have been dissected to 
reveal the course of the pulmonary artery flow-directed catheter. 
Catheter can be seen passing through the right atrium (note top 
of paragraph) and forming a knot around the chorda tendineae 


They have been reported to be easy to insert and 
generally safe." " Numerous articles"? have described 
multiple complications associated with the pulmonary 
artery flow-directed catheters. The most frequent 
nonpulmonary complication is development of ar- 
rhythmias, generally premature ventricular contrac- 
tions? which tend to occur during passage of the 
catheter tip through the right ventricle. This is thought 
to be secondary to mechanical stimulation of the wall 
of the right ventricle, by the tip of the catheter, 
particularly when the balloon of the catheter has been 
deflated." Potentially more serious complications have 
been reported such as intracardiac knotting^? and 
perforation of the wall of the right ventricle.? Foote et 
al? suggested that the occurrence of intracardiac knot- 
ting should never occur when proper catheter inser- 
tion technique is used. 

After reviewing the technique of catheter insertion 
in our patient, two facts seem to have contributed to 
our complication. First, the catheter was advanced 75 
cm from the left internal jugular vein before a pul- 
monary capillary wedge pressure was measured. This 
is approximately 30 cm longer than is usually required 
to obtain a pulmonary capillary wedge pressure from 
the left internal jugular vein. This should have sug- 
gested that coiling of the catheter was occurring in the 
right ventricle. At this point no attempt to withdraw 
the catheter or to obtain a chest x-ray was made. 
Second, the balloon was not inflated completely (1.5 
ml of air in a #7 French thermal dilution catheter) 
after it reached the right atrium. Insertion of the 
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of the tricuspid valve. The circumferential black band seen on 
the catheter at the level of the tricuspid valve is the 50-cm 
indicator marking. Extensive twisting of the catheter probably 
occurred during several attempts at its removal. 


catheter with the balloon deflated or with the balloon 
partially inflated could predispose to migration of the 
catheter between the wall of the right ventricle and a 
chorda tendineae or to coiling in the right ventricle.” ? 
The damping of the pulmonary artery pressure wave- 
form in the early postoprative period without im- 
provement following adequate flushing of the catheter 
with saline should have suggested that kinking or 
coiling of the catheter had occurred. 

This was a serious complication of insertion of a 
pulmonary artery flow-directed catheter which would 
have required a major operative procedure for re- 
moval. 

Although the incidence of intracardiac knotting of 
flow-directed catheters is unknown, it would appear 
that serious complications are, in general, rare.” The 
use of proper catheter insertion technique cannot be 
overemphasized, particularly in reference to inserting 
the catheter to the recommended distances and keep- 
ing the balloon inflated while the tip of the catheter 
is advanced from the right atrium to the pulmonary 
artery. 
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Cardiovascular Effects of Pancuroniam and Atropine ... 


The ability ve pancuronium to increase heart rate, didis output, and blood pressure has been 
attributed. to a vagolytic effect, or to à direct or indirect sym»athomimetic effect. To investigate the 
sympathetic nervous system, plasma norepine»hrine concentrations were measured 
following eitt r three doses of pancuronium or one dose of a ropine followed by pancuronium in 45 
unpremedicated patients anesthetized with halothane and 60% nitrous oxide. Plasm. norepinephrine 

Pan and the. Pon of. neart. rate ana oe blood Epoca (rate. pressure 
















“patients n receiving | Sancaion uit alone, Plasma M came levels decreased following: pancu gi 
nium. The decrease in plasma norepinephrine concentrations following pancuronium. correl: 

significantly with pancuronium dose and was inversely correlated with rate pressure product 
unexpected decrease in plasma norepinephrine levels argues against a sympathomimetic mechan 
for the circulatory response to pancuronium. The increase in rate pressure product caused by atr. 
was also followed by a decrease in plasma norepinephrine levels. Contrasted to. the results 
pancuronium alone, pancuronium administration after atropine premedication was. ‘not followed 
a significant increase in rate pressure product or decrease in plasma norepinephrine. levels. ae 
authors postulate that the increase in rate pressure product im response to pancuronium (or atropi ey 
acts through baroreceptors to reduce sympathetic outflow. (Roizen ME, Forbes AR, Miller RD, E 
Similarity between effects of pancuronium and atropine on plasma norepinephrine levels in man. ] 
Pharmacol Exp Ther 211:419-422, 1979) 





Analysis of Surgical Blood Use 








Excessive preoperative cross matching can be limited with a maximum surgical blood order 
schedule (MSBOS) which is a list of the commonly performed elective surgical procedures performed 
in a hospital with the maximum number of units of blood which will be cross matched preoperatively 
for each. The purpose of this study was to analyze the blood requirements of 535,031 surgical patients 
treated in 300 United States hospitals during 1974, and to suggest maximum preoperative blood 
orders including type and screen recommendations based om data derived from this large national 
patient sample. Such recommendations are offered for 63 common elective surgical procedures. 
Specific reference is made to blood utilization during hyste-ectomy, transurethral resection of the 

prostate, and cesarean section. A preoperative type and screer order is adequate for the vast majority 
of patients undergoing these procedures. The author suggests.that major reductions in the volume of 
blood cross matching for elective surgery can be achieved without adversely affecting patient care. 
(Friedman BA: An analysis of surgical blood use in United 5tates hospitals with application to the 
maximum surgical blood order schedule. Transfusion 19:268-278, 1979) 
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Malignant Hyperthermia: 
A Case Report 


Peter M. Waterman, MD,* Maurice S. 
Albin, MD,T and R. Brian Smith, MDE 


Certain drugs such as succinylcholine and halo- 
thane are recognized as capable of precipitating ma- 
lignant hyperpyrexia in susceptible individuals. Other 
drugs used in anesthesia have also been reported as 
triggering agents, but their role remains less clearly 
defined. Pancuronium has not been reported as a 
triggering agent for malignant hyperpyrexia. We re- 
port a case of apparent malignant hyperpyrexia in 
which pancuronium may have been the triggering 
agent. 


Case Report 


A 25-year-old, 80 kg, white man was admitted for radical 
periaortic lymph node dissection under general anesthesia. 
He had undergone uneventful general anesthesia for or- 
chiectomy 1 week previously at another hospital for em- 
bryonal carcinoma (teratocarcinoma). Anesthesia at that 
time consisted of sodium thiopental, nitrous oxide, and 
halothane. Gallamine (20 mg) and succinylcholine (100 mg) 
were used for endotracheal intubation. Temperature was 
not monitored. There was no record of difficulty encoun- 
tered with this previous anesthetic. Following orchiectomy 
the patient was transferred to Presbyterian-University Hos- 
pital for further evaluation. Liver function tests, serum 
electrolyte levels, and urinalysis were all within normal 
limits. The evening prior to surgery he received 1000 ug of 
actinomycin D as his first dose of chemotherapy. 

On the morning of the operation the patient's tempera- 
ture was 37 C prior to preoperative medication consisting 
of meperidine (100 mg), promethazine (25 mg), and glyco- 
pyrrolate (0.4 mg) intramuscularly 1 hour before the sched- 
uled time of surgery. Skin temperature upon arrival in the 
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operating room was noted to be cool. Anesthesia was in- 
duced using intravenous fentanyl (0.2 mg), diazepam (10 
mg), and thiamylal sodium (100 mg). Endotracheal intuba- 
tion was facilitated by pancuronium (8 mg). Five minutes 
after injection of pancuronium, the patient had a tachycardia 
of 140 beats per minute. The pulse rate prior to induction 
had been 80 beats per minute. The elevation of pulse rate 
was attributed to the light plane of anesthesia and to the 
pancuronium. The patient had no rigidity, but as the ab- 
domen was prepared prior to draping, his skin felt hot to 
the touch. A LaBarge Mon-a-therm tympanic temperature 
sensor with the probe in the right ear registered 39 C. 
Simultaneously a Yellow Springs Instruments esophageal 
probe confirmed the 39 C temperature. Anesthesia was 
immediately discontinued and cooling procedures initiated. 
The patient was placed on a cooling blanket and iced saline 
was given via two indwelling 14-gauge catheters. Arterial 
and central venous catheters were inserted. Droperidol (5 
mg), dexamethasone (20 mg), and procaine amide (1 gm) 
were administered intravenously. Hyperventilation was in- 
stituted immediately upon recognition of the temperature 
elevation. As the anesthesia tubing was new and the anes- 
thesia machine did not contain halothane, there was no 
need to change to another anesthesia circuit. 

Arterial blood obtained in the operating room showed, 
when subsequently analyzed, laboratory data as follows: 
serum creatine phosphokinase (CPK) 260 IU, serum aldolase 
3.2 mU/ml, serum lactate 4.2 meq/L, and serum K* 3.2 
meq/L. Arterial gases (Fio, 1.0, respiratory rate 25 breaths 
per minute, and tidal volume 1000 ml) were pH 7.16, Pco, 
31 torr, Po, 468 torr, HCO; 11 meq/L, and base excess —17 
meg/L. Two hundred milliequivalents of NaHCO; was 
administered. Within 45 minutes the temperature was 37.5 
C and cooling was discontinued. An arterial blood sample 
with the same ventilatory settings showed pH to be 7.61, 
Pco, 20 torr, Po, 455 torr, HCO; 20 meq/L, and base excess 
+1 meq/L. The ventilator was readjusted appropriately. 

After the temperature decreased, the patient was trans- 
ported to the intensive care unit where he made an unevent- 
ful recovery. Three hours after reaching the recovery area 
the endotracheal tube was removed. Serum aldolase and 
lactate levels returned to normal over the next 3 days. 
Serum CPK levels remained elevated approximately three 
times above normal on the second and third postoperative 
days. Three weeks later the serum CPK level had returned 
to the normal value of 13 IU. 

Six weeks later the patient presented again for radical 
periaortic lymph node dissection. He was pretreated with 
oral dantrolene sodium (100 mg gid) for 3 days prior to 
operation. Preoperative medication consisted of Innovar (1 
ml IM) 90 minutes prior to his operation. Induction of 
general anesthesia was accomplished with thiamylal sodium 
(300 mg) and Innovar (5 ml IV). Endotracheal intubation 
was accomplished without the use of muscle relaxants. 
After intubation the patient was turned and a catheter 
























he subarachnoid space. Muscle relaxation was 
d using. intermittent injections of tetracaine 
he catheter. The operation lasted 11 hours, during 
which general anesthesia was maintained with N.O supple- 
mented with fentanyl. Temperature was monitored 
throughout via nasal, esophageal, and rectal temperature 
probes. Arterial blood gases obtained via an indwelling 
radial artery catheter remained within normal limits during 
the operation and the recovery period. His recovery was 
uneventful and he was discharged on the tenth postopera- 
| tive day. 





Discussion 


Current beanies dne the cause of the malig- 
| Yyperthermia include the concept of unrestricted 
n flow from the sarcoplasmic reticulum 
into the cytoplasm. of skeletal muscle.’ Dantrolene 
sodium is felt to be effective in the management of 
malignant hyperpyrexia by preventing the initial re- 
lease of calcium. Dantrolene was unavailable when 
this case. occurred. Studies involving the preoperative 
preparation of patients susceptible to malignant hy- 
perthermia with oral dantrolene^ as well as studies 
using intravenous dantrolene in the treatment of a 
malignant hyperthermia crisis are currently under- 
way.” Therapy with procaine HCI, procaine amide, 
and haloperidol facilitates re-uptake of calcium back 
into the sarcoplasmic reticulum, which terminates the 
event.’ 

Our case is interesting in that it represents an 
instance in which malignant hyperthermia occurred 
in conjunction with the use of pancuronium. Cain and 
Ellis* indicate that the steroid base of pancuronium 
may protect against development of malignant hyper- 
thermia by stabilizing the sarcoplasmic reticular 
membrane. They suggest! that pancuronium may be 
a "suitable drug for use in patients susceptible to 
malignant hyperthermia." Britt and others, however, 
recommend that in the elective management of pa- 
tients susceptible to malignant hyperthermia, regional 
techniques utilizing ester-type local anesthetics be 
employed to provide skeletal muscle relaxation. "(999 
Dexamethasone has been reported useful in the treat- 
ment of malignant hyperthermia in conjunction with 
peripheral cooling.? The current case was treated with 
dexamethasone together with droperidol, procaine 
amide and peripheral cooling. 

Pancuronium may not have been the cause of this 
patient's hyperpyrexia. Promethazine-HCl was used 
as a preoperative medication. Moyes^ has reported 
the death of a 3- year-old boy following the intramus- 
cular injection of another phenothiazine, trimepra- 
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zine, as a premedicant. Moyes's patient became 
within 15 minutes of injection and after an 80-hor 
course cf fever, acidosis, and rigidity finally su 
cumbed to pulmonary failure. Ellis et al? described a 
case of malignant hyperthermia in an 11-year-old girl 
in which nitrous oxide appeared to be the inciting 
agent. Intheir case the patient was successfully treated 
with dexamethasone and later underwent uneventful 
general anesthesia with thiopental alone. Our patient  - ies 
developed tachycardia and elevation of temperature > 
during induction of anesthesia prior to use of nitrous 
oxide. S-ress may have played a significant role, hav- 
ing acted as a triggering agent in a number of casesas 
well as in the animal model of porcine hyperther- | 
mia. ?'9*9575 Wingard?” reports 20 human deaths 
due to malignant hyperthermia, none of which were 
related :o anesthesia. Our patient was anxious, as 
might b» expected under the circumstances. He had 
recently been told of the diagnosis of carcinoma and 
fully reaized the significance of his staging procedure. 
There kas been no mention in the liter: ure of a 
relationship between cancer chemotherapy, in .this an 
case actinomycin D, and malignant hyperthermia; but 
one maw exist. 

The issue of what triggers the malignant. hyper- pe 
thermia crises remains in doubt. In fact, some agents 
thought to be triggers are now questionable.” ‘In this 
case phenothiazines, muscle relaxants, stress, and an- 
ticancer drugs were all present. Perhaps the answer 
lies somewhere in the perioperative milieu, rather 
than with one specific agent, but perhaps pancuron- 
ium may have been contributory and it is for this 
reason that we report this case. 
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Avoidance of Heparin 

Contamination in 

. Coagulation Studies 
Drawn from Indwelling 

Lines 


Louis M. Palermo, MD,* 
Raymond W. Andrews, BS,+ and 
Norig Ellison, MDE 


Use of continuous low dose heparin flush solutions 
to maintain patency of indwelling arterial lines is a 
widely accepted practice." Although the primary pur- 
pose of these lines is to measure arterial or venous 
pressure continuously, the lines also provide a readily 
available portal for obtaining blood samples. How- 
ever, the possibility of heparin contamination of such 
. samples has prompted some authorities to question 
obtaining blood samples for coagulation studies from 
indwelling arterial lines.^? Table.1 lists values from 
two patients whose blood samples were deliberately 
contaminated. by inadequate clearing of the dead- 
space, showing the abnormal studies which can be 
produced. This study was approved by The Univer- 
sity of Pennsylvania Committee on Human Experi- 
mentation. 


Methods and Materials 


Patients scheduled for open heart surgery who had 
a normal! preoperative coagulogram (activated partial 
thromboplastin time, prothrombin time, activated co- 
agulation time, and platelet count) were studied. 

Deadspace in our line systems is 1.79 cc for the 
arterial line and 1.50 cc for the central venous pressure 
(CVP) port of the pulmonary artery catheter. Before 
connecting the arterial cannula to the heparin flush 
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line, control values were obtained to ensure that there 
had been no possibility of heparin contamination. 
After the arterial and CVP lines had been in place for 
30 minutes, with heparin flush being infused at a rate 
of 5 to 7 ml/hour (C.F.S. Intraflo, Sorenson Research 
Co, Salt Lake City, UT) in each line, and after with- 
drawing the respective deadspace volume and addi- 
tional discard volumes equal to 0, 1-, 2-, and 4-ml 
samples were obtained. The following tests were run 
in each sample. 


Automated Activated Coagulation Time (ACT) 


Three milliliters of blood from each sample was 
placed in a CA510 Hemochron (International Tech- 
nidyne, Metuchen, NJ) tube and ACT measured in 
duplicate.* 


Activated Partial Thromboplastin Time (aPTT) 


Four and one-half milliliters of blood from each 
sample was placed into à test tube containing 0.5 ml 
0.1 M sodium citrate (final dilution 1:10) and mixed 
well. A hematocrit was obtained and then the sample 
was centrifuged to obtain plasma for measuring the 
aPTT manually.” 


Protamine Titration Test 


Pairs of test tubes were prepared immediately be- 
fore sampling: a control tube was left empty and 10 
ug of protamine placed in the second tube with a 
microliter syringe (Repeating dispenser PB-600-1 and 
microliter syringe 705-N, Hamilton Co, Reno, NV), 
both tubes being maintained in a constant tempera- 
ture block at 37 C. One milliliter of blood was added 
to each tube and an elapsed time indicator started. 
Each tube was gently tilted 90° every 30 seconds until 
the tube could be inverted without causing the blood 
to flow. In samples containing no heparin, the control 
tube clotted before the tube with protamine.’ 

Two groups of six patients were studied. In one 
group the heparin flush concentration contained 1 
unit of heparin per milliliter of flush solution; in the 
second group, there were 2 units of heparin per 
milliliter of flush solution. 


Results 


Table 1 illustrates the markedly abnormal values 
that can be obtained when deliberate contamination 
with the heparin flush solution was produced, viz, 
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Table 2 shows the results in the two groups of 





TABLE 1 


Comparison of Coagulation Studies in Two Patients When 
Adequate / eee etis id Withdrawn Prior to 















Protamine 





| titration 
ACE 'aPTT Without with "ct 
| prota- prota- 
mine mine 
sec min 26 
122 43.7 3.00 3.50 28.8 
= d | 129 104.5 5.00 325 28.0 
space d 
2 = Ánh | 130 37.4 3.50 4.00 30.5 
= ve dead- E 138 57.8 4.25 3.75 24.2 
< space - 





EET used are: ACT, activated coagulation time; 
aPTT, activated partial thromboplastin time; Hct, hematocrit. 
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Blood Are Withdrawn Prior to Sampling 


Heparin flush con- 
centration 
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Coagulation Studies in Two Groups of Six Patients Comparing Results When Varying ai of Heparin Flush Solu tie n 


Arterial line (deadspace (DS) = 1.79 mi) 
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patients when the deadspace plus additional dis rd 
volumes of 0, 1, 2, and 4 ml of blood are withdray 
prior to sampling. In the group in which the hep 
flush cantained 2 units of heparin per milliliter the: 
aPTT was slightly prolonged in the two samples 
where the discard volume was equal to the deadspace 
and te tae deadspace plus 1 ml. However, none of the 
changes was statistically significant. In fact at nc x 
in either group was a significant. change from the- 

control value observed for any test as long as a volume | 
equal tc the deadspace was first withdrawn. Hema: k 
tocrits were slightly decreased below control values 
in all groups, with insignificant variance. | 
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Control DS«-0 DS-c1 DS-2 DS. Control DS +0 
1 unit/ml (N = 6) d. 
ACT X 116.8 1192 1153 1151 1126 119.1 1141 110.6 pe 1086. 
(sec) SEM 4.60 3.67 3.67 4.06 4.65 4.61 2.06 1.70 221 53 dgio 
aPTT x 43.3 48.6 43.2 42.6 414 44.4 47.6 43.9 433 433 
(sec) SEM 3.49 3.52 3.14 3.24 2.97 3.21 4.23 3.77 3.56 3.99 
Hct X 32.2 30.2 31.1 31.5 3t.4 30.0 28.5 28.2 28.2 27.7 
(96) SEM 1.96 1.68 1.97 1.87 1.84 1.88 1.55 1.76 1.77 1.82 
Protamine titration 
(min) 
Without X 3.43 3.52 3.08 3.30 321 3.35 3.08 2.81 2.65 2.59 
protamine SEM 0.21 0.17 0.14 0.17 C.22 0.22 0.15 0.16 0.11 0.19 
With protamine X 412 3.92 3.92 394 4.0 4.00 367 341 323 2.98 
SEM 0.27 0.15 0.14 0.10 C.13 0.29 0.12 0.21 0.21 0.16 
2 units/ml (N = 6) 
ACT Xx 118.0 117.3 113.4 1142 1111 120.8 115.8 111.7 1066 103.3 
(sec) SEM 1.97 2.35 1.48 2.06 te" 2.73 1.78 2.93 7.88 3.42 
aPTT x 40.3 44.2 43.4 41.2 44.8 38.0 40.4 39.0 38.4 36.5 
(sec) SEM 2.65 4.04 3.63 3.41 2.53 1.45 3.20 2.09 2.25 1.23 
Hct X 34.3 32.1 32.8 32.5 32. 33.6 30.6 30.9 30.9 31.0 
(96) SEM 1.02 1.21 1.49 1.50 t3 1.19 1.19 1.31 1.44 1.71 
Protamine titration 
(min) 
Without X 3.58 3.29 3.29 3.08 3.13 3.58 3.08 3.08 2.88 2.83 
protamine SEM 0.20 0.10 0.10 0.14 G.13 0.20 0.08 0.11 0.09 0.11 
With protamine X 4.08 3.83 3.83 3.67 373 4.04 3.54 3.58 3.58 3.58 
SEM 0.21 0.11 0.18 0.15 C19 0.21 0.12 0.11 0.15 0.08 
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bleeding and oozing is distinctly advantageous. This 
is especially true in cases where repeated sampling is 
necessary to run serial tests as the response to therapy 
is measured. Whereas the possibility of heparin pro- 
ducing prolongation of coagulation tests is well rec- 
ognized and mentioned in many laboratory manuals, 
possible contamination during sampling from in- 
dwelling lines is not cited.® ? 

Merenstein'? reported that at least 4 ml of blood 
had to be withdrawn through the umbilical artery 
catheter lines they used (0.8-ml deadspace) to obtain 
an aPTT not altered by the continuous heparin flush 
used." Earlier Bark” had reported that flushing the 
catheter with 50 ml of saline would eliminate the 
effect. Our prior experience has shown that repeat- 
edly reproducible coagulation tests can be obtained 
providing that an adequate volume is withdrawn.® !! 
This is contrary to the experience of Czapek? who 
found that withdrawing as much as 10 ml from the 
indwelling catheter prior to sampling did not obviate 
the heparin effect. However, the deadspace in his 
system was not stated.” 

We had used Merenstein’s data to justify a practice 
of withdrawing a volume of blood 5 times greater 
than the tubing deadspace volume (i.e., 10 ml with 
our lines) to obtain noncontaminated samples prior 
to this study. We were surprised at the normal results 
obtained when volumes equal to only the deadspace 
were withdrawn prior to sampling. The difference 
between our results and Merenstein’s may be one of 
technique in that his study was essentially an in vitro 
study in which blood was taken from volunteers and 
infused through test catheters. Either larger deadspace 
or greater heparin flush concentration in their system 
may explain why Czapek was unable to obtain normal 
values even when discarding a 10-ml aliquot prior to 
sampling. Clearly our data show that discarding a 
much smaller volume will produce a normal value 
with our system. 
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In conclusion, heparin flush contamination of blood 
samples obtained from indwelling lines may produce 
false abnormally prolonged coagulation tests and care 
must be taken to avoid this. However, satisfactory 
blood samples for performing coagulation studies can 
be obtained from indwelling lines containing heparin 
flush solutions providing an adequate volume is re- 
moved prior to sampling. We recommend that al- 
though a volume equal to the deadspace volume of 
the lines through which the sample is being with- 
drawn would seem sufficient, that such an aliquot be 
twice the deadspace to be perfectly safe. Such a 
practice will eliminate the occasional abnormal result 
due to heparin flush contamination. 
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Modification of Oral 
Airway as a Bite 
Block 


To the Editor: 


When an oral endotracheal tube 
(ETT) is used, its guaranteed patency 
is essential. ETT obstruction results 
when either its internal diameter is 
plugged or external walls are com- 
pressed. The oropharyngeal (OP) air- 
way, used to prevent external dental 
compression of the oral ETT, consists 
of three contiguous parts: a flange, a 
bite block, and a curved channel pro- 
moting an open pharyngeal contour 
by lifting the tongue off the posterior 
pharyngeal wall (Figure).' When the 
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OP airway is used in situatioas re- 
quiring long term intubation, how- 
ever, the curved pharyngeal ckannel 
produces considerable discomfert for 
the patient who is often conscicus. 
Modifying the OP airway by re- 
moving the curved pharyngeal chan- 
nel (Dupaco oral airways, Sam Mar- 
cos, CA, modified by Eastern Anes- 
thesia, Inc, Bensalem, PA) (F gure), 
not essential for airway patency in the 
intubated patient, yields a bite block 
with the advantages of the OP arway. 
A feature not present in a simpe bite 
block is the flange which mamtains 
the block's position relative to tae lips 
and teeth. A heavy suture ray be 
attached to the flange and taped to 
the patient's cheek for added safety 
(Figure). An additional benefit in us- 
ing a cut OP airway as a bite b-ock is 


the ease of suctioning through the air 
channel. Lastly this bite block with 
suction port may be positioned in the 
mouth for molar rather than canine 
compression for greater safety to den- 
tition. 

Alan Jay Schwartz, MD 

Assistant Professor of Anesthesia 


Rose Marie Dougal, CRNA 


Kwang Won Lee, MD 
Assistant Professor of Anesthesia 
Department of Anesthesia 
The Children's Hospital 

of Philadelphia 
and University of Pennsylvania 
Philadelphia, Pennsylvania 19104 
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FIGURE. Oropharyngeal airway (left) and modified oropharyngeal airway (right) for 


use as a bite block. 
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Rupture of 
Pressurized 
Plastic Bags 


To the Editor: 


Ready’s suggestion’ that a pres- 
sure-compensating automatic tourni- 
quet be used to aid in the rapid intra- 
venous infusion of large volumes of 
intravenous fluids and blood is an 
excellent example of adapting a me- 
chanical device for a different labor- 
saving purpose. Others” have modi- 
fied the standard wall oxygen pres- 
sure line for the same purpose. 

The figure which accompanies 
Ready's article prompts this caution- 
ary note. In Ready's figure the bag of 
fluid is bulging out over the top of 
the external pressure bag. We have 
experienced one occasion where the 
bulging seam of the plastic bag con- 
taining heparin solution split, result- 
ing in a shower of solution on the 
operating field, the anesthesia ma- 
chine, and the adjacent personnel. 


LETTERS TO THE EDITOR 





FIGURE. Correct-sized bags, but bag on 
right demonstrates use of external pres- 
sure bag that is too small, resulting in 


bulge. 


Fortunately, the bag was heparin, not 
a transfusion. 

Two steps will prevent this. First, 
the correct size bag must be used. Use 
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of an external pressure bag designed 
to hold a 500-ml bag of blood or 
solution will invariably result in such 
a bulge when a 1000-ml bag of solu- 
tion is placed within it. Second, even 
when the correct-sized bags are used, 
care must be taken to ensure that the 
top of the external pressure bag se- 
curely covers the top of the solution 
bag. In the accompanying figure the 
correct-sized bags were used. How- 
ever, the bag on the right was delib- 
erately misapplied to illustrate this 
possibility. 

Alan Jay Schwartz, MD 

Assistant Professor of Anesthesia 


David R. Jobes, MD 
Assistant Professor of Anesthesia 


Norig Ellison, MD 

Associate Professor of Anesthesia 
Department of Anesthesia 
University of Pennsylvania 
Philadelphia, Pennsylvania 19104 
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V/Q Distribution in Adult Respiratory Distress Syndrome 


The distribution of ventilation-perfusion ratios, as determined by the multiple inert gas elimination 
technique, was measured in 16 patients with the adult respiratory distress syndrome. In each case, the 
distribution of ventilation-perfusion ratios was bimodal. The upper mode consisted of units with 
normal ventilation-perfusion ratios that received a mean of 52% of the cardiac output. The lower 
mode, which received the remainder of the cardiac output, consisted of either pure shunt or shunt 
plus a small number of units with very low ventilation-perfusion ratios. The measured arterial Po, 
and that predicted from the distribution of ventilation-perfusion ratios were closely correlated (r = 
0.93), indicating that the hypoxemia was completely explained by the measured ventilation-perfusion 
inequality. In 12 patients, the effect of positive end-expiratory pressure on the distribution of 
ventilation-perfusion ratios was also determined. The addition of positive end-expiratory pressure 
uniformly resulted in a decrease in blood flow to the lower mode and an increase in the ventilation 
of unperfused alveoli. Increasing positive end-expiratory pressure also led to a uniform decrease in 
cardiac output. The authors conclude that the hypoxemia of the adult respiratory distress syndrome 
is caused by the presence of shunt or units of very low ratio of ventilation to perfusion and that 
positive end-expiratory pressure increases the arterial Po, by decreasing the perfusion of unventilated 
lung. The mechanism of this decrease is yet to be defined. (Dantzker DR, Brook CJ, Dehart P. et al: 
Ventilation-perfusion distributions in the adult respiratory distress syndrome. Am Rev Respir Dis 


120:1039- 1052, 1979) 
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Intravenous Anesthetic 
Agents, Current Topics in 
Anaesthesia, Volume 1, 
by J. W. Dundee, Chicago, 
Year Book Medical Pub- 
lishers, 1979, 160 pp. 


This book is the first of a new 
series intended to cover current topics 
in anesthesia. It is not intended to be 
a textbook on intravenous anesthetics 
but rather surveys what the author 
considered timely items at the mo- 
ment the book was written. The au- 
thor has had lengthy research expe- 
rience and his personal involvement 
is reflected in the topics selected and 
the layout of the book. 

The book is attractively packaged 
and the script seems well done con- 
sidering the author’s admitted haste 
(preface) to publish before the re- 
search is out of date. There are nu- 
merous graphs and tables which are 
well designed and add materially to 
the value of the book. 

My major reservation about this 
book concerns the selection of topics 
covered. A major portion of the book 
is devoted to propanidid, Althesin, 
and Etomidate which are little used in 
clinical anesthesia and not approved 
for use in the United States and nu- 
merous other countries. On the other 
hand, balanced anesthesia techniques 
are discussed in a scant 12 pages. I 
realize these are reflections of the au- 
thor’s research experience; however, 
in my opinion this tends to make the 
book less attractive for a general clin- 
ical audience. The references cited are 
in the main from the British literature 
and are ample but not generous. 

The section on benzodiazepine 
sedation-amnesia is particularly well 
done. The scope of the chapter ob- 
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viously reflects the author's consid- 
erable expertise in this area. This 
chapter has numerous figures and ta- 
bles which augment tne presentation 
nicely. 

One chapter by Dr. R.S.J. Clarke 
on hypersensitivity reactions is very 
detailed and has generous references. 
This topic which has not always re- 
ceived appropriate a-tention in the 
anesthesia community is wel orga- 
nized and presented in a manaer that 
can be easily used by clinidans in 
anesthesia. 

In summary, this book is recom- 
mended for those with an especial 
interest in intravenous anesthesia, re- 
membering its content is distinctly 
colored by the author’s research and 
clinical experience. 


Albert L. Maduska, MD 
Associate Professor 
University of Tennessee 
Memphis, TN 


Der alte Mensch in der 
Chirurgie, by J. Rehn, Ber- 
lin, Springer-Verlag KG, 
1979, 245 pp. 


This volume is a compendium of 
panel discussions and papers en man- 
agement of the aged patient undergo- 
ing surgery, presented at the 145th 
Meeting of the Surgical Society of the 
Lower Rhine and Westphalia eld re- 
cently in Bochum, West Germany, 
October 5-7, 1979. 

Sixty-four presentations from 118 
contributors from West Germany and 
Switzerland are orgenized in three 
sections. Section 1 is an interdiscipli- 
nary approach to the peculiarities of 
pre- and postoperative management, 
diagnostic procedures, special periop- 
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erative morbidity and risks, anes- 
thetic management, and rehabilitation 
of surgical patients over 60 years of 
age. Section 2 deals in detail with the 
management of geriatric patients un- 
dergoing surgical procedures for frac- 
ture of the femur close to the hip 
joint. Section 3 is a compilation of 
papers on abdominal surgery in the 
aged patient. 

The interdisciplinary management 
of aged patients is only briefly dealt 
with in this volume, although it is 
recognized as the key factor in de- 
creasing perioperative morbidity and 
mortality and although it was claimed 
to be the central theme of this meet- 
ing. Those involved in pre- and post- 
operative care and anesthetic man- 
agement of geriatric patients may find 
some useful hints and general prin- 
ciples in the first 74 pages; in-depth 
discussion, however, is not provided. 
Sections 2 and 3, consisting of de- 
tailed descriptions of surgical proce- 
dures and comparative mortality sta- 
tistics, are addressed mainly to the 
surgeon and are of limited value for 
other specialists involved in periop- 
erative care of the aged patient. 


Edith R. Schmid, MD 
Department of Anesthesiology 
Mayo Clinic 

Rochester, MN 

Consultant, University Hospital 
Zurich, Switzerland 


Anesthesia in 
Dentistry, edited by A. 
Reyes-Guerra. Philadel- 
phia, The Franklin Institute 
Press, 1977, 356 pp, 
$8.50. 


This book has been submitted for 


Modern 
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review two years after the publication 
date and the delay is understandable. 
Errors in spelling the names of com- 
mon anesthetic drugs are readily ap- 
parent. Not only was Pentothal (thio- 
pental sodium) misspelled, but it was 
reported to have been introduced 
after the start of World War II. All of 
this is found before page 1. 

The first section of the book is 
titled Sophrology, a word not found 
in either a medical dictionary or in 
Webster's New Collegiate dictionary. 

The book is a collection of papers 
presented at two International Con- 
gresses on Modern Pain Control that 
were sponsored by the Society for the 
Advancement of Anesthesia in Den- 
tistry and were held in El Salvador in 
1975 and Monaco in 1976. The qual- 
ity of the material presented in this 
book is poor, as are the illustrations, 
two of which have the points of major 
interest identified with some oriental 
script. 

Use of this collection of papers as 
an anesthesia textbook or reference 
book cannot be recommended. 


Allan B. Gould, ]r, MD 
Associate Professor of Anesthesia 
Mayo Medical School 

Rochester, MN 
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Dental Anesthesia and 
Analgesia, by G. D. Allen. 
Baltimore, Williams & Wil- 
kins, 1979, 446 pp, 
$24.95. 


This second edition has four new 
contributors and several new chapters 
dealing with topics such as acupunc- 
ture, hypnosis, and the physiology 
and pharmacology of local anes- 
thetics. Techniques of anesthesia for 
oral procedures are stressed and are 
often presented in a dogmatic man- 
ner. 

The chapter on acupuncture leaves 
the reader with the impression that 
we clearly understand its mechanism 
and that there is no controversy re- 
lated to its use and effectiveness. The 
section discussing problems associ- 
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ated with extremes of age is con- 
cerned with patients under three and 
those over the age of forty. Physiology 
and its relationship to the anesthe- 
tized patient is generally overlooked. 

This book makes its major contri- 
bution by describing techniques and 
equipment that are unique to dental 
anesthesia. 


RF ae ES >- Cone 
Handbook of Medical 
Emergencies, Second 


Edition, by J. H. Sanders 
and L. B. Gardner. Garden 
City, New York, Medical 
Examination Publishing 
Co, Inc, 1978, 362 pp. 


As the title implies, this book is 
intended as a readily available initial 
resource of information for the man- 
agement of medical emergencies. It is 
organized according to Internal Med- 
icine subspecialties to maximize the 
convenience and speed in finding the 
situation one is looking for. As is the 
case with any such publication, it is 
representative of the state-of-the-art 
of about 2 years ago. The areas cov- 
ered, although not encyclopedic, are 
covered appropriately. 


Pre- and Postoperative 
Evaluation of Surgical Pa- 
tients, by T. Matsumoto, 
Garden City, New York, 
Medical Examination Pub- 
lishing Co, Inc, 1979, 397 
pp. 


This book, written by and for sur- 
geons, deals well with some of the 
factors in pre- and postoperative eval- 
uation of patients in ten specific cat- 
egories. There is no mention of an- 
esthesia—the word is not found in 
the index—and there are many other 
specific areas not dealt with at all. The 
title would be more precise if it re- 
ferred to “some surgical patients." 


Atlas of Bedside Proce- 
dures, edited by T. J. Van- 
der Salm. Boston, Little, 
Brown & Co, 1979, 408 
pp, $18.95. 


This is a large format, well illus- 
trated paper-bound atlas, which con- 
cisely describes how 40 different bed- 
side procedures are performed by 
some members of the faculty of the 
University of Massachusetts Medical 
School at Worcester. Although one 
would not expect to be able to learn 
these procedures entirely from this 
atlas, it does provide a convenient, 
illustrated review, and a modest list 
of references regarding each proce- 
dure. Of interest to anesthesiologists 
would be the various vascular can- 
nulation techniques, arterial punc- 
ture, intravenous regional anesthesia, 
cricothyroidotomy, and endotracheal 
intubation. 


CRISE Ug OC a e DER, 
BOOKS RECEIVED 
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Acupuncture Manual, a Western Ap- 
proach, by L.S.W. Chu, S.D.J. Yeh, and D. 
D. Wood, New York, Marcel Dekker, Inc, 
1979, 256 pp, $15.00. 


1979 Year Book of Anesthesia, edited by 
J. E. Eckenhoff, A. J. Bart, E. A. Brunner, 
et al, Chicago, Year Book Medical Publish- 
ers, 1979, 351 pp, $23.75. 


Der Einflub von Anaesthetica auf die 
Kontraktionsdynamik des Herzens, by K. 
J. Fischer. New York, Springer-Verlag, 
1979, 278 pp, $43.50. 


Shock Trauma Manual, by W. Gill and 
W. B. Long, Baltimore, Williams & Wil- 
kins, 1979, 296 pp, $18.00. 


The Control of Chronic Pain, by 5. Lip- 
ton. Chicago, Year Book Medical Publish- 
ers, 1979, 134 pp. 


Analgesic Drugs, by J. Parkhouse, B. J. 
Pleuvry, J. H. M. Rees. St. Louis, Blackwell 
Scientific Publications, 1979, 159 pp, 
$17.50. 


Zur Herzwirkung von _ Inhalationsan- 
aesthetica, by H. P. Siepmann, New York, 
Springer-Verlag, 1979, 66 pp, $21.80. 
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Yale University School of Medicine 
333 Cedar Street 
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Editorial Policies 


Manuscripts are accepted for consideration with the understand- 
ing that the material they present, including tables, figures, and 
data therein, has nat been previously published and is not presently 
under consideration for publication elsewhere. Authors will be 
asked to transfer copyright of articles accepted for publication to 
the International Anesthesia Research Society. 

Types of materials. The Journal publishes original articles, clin- 
ical reports, review articles, and letters to the editor. Original 
articles describe in 3000 words or less clinical or laboratory inves- 
tigations. Clinical reports describe in 1000 words or less either (a) 
new and instructive case reports, or (b) anesthetic techniques or 
equipment of demonstrable originality, usefulness, and safety. 
Review articles of 2500 to 4000 words collate, describe, and evaluate 
previously published material for the establishment of new con- 
cepts. Letters to the editor, less than 300 words in length, include 
brief constructive comments concerning previously published ar- 
ticles or brief notations of general interest. Preliminary or incom- 
plete reports are not accepted, nor are manuscripts containing 
fragments of material better incorporated into a single paper. 

Peer review. All papers are reviewed by three or more referees. 
Acceptance is based upon significance, originality, and validity of 
the material presented. Every effort will be made to advise authors 
within 4 weeks whether papers are accepted, rejected, or need 
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Legal and ethical considerations. Information or illustrations 
must not permit identification of patients. Reports describing data 
obtained from experiments performed in humans must contain a 
statement in the Methods that institutional approval of the inves- 
tigation and informed consent were obtained. Reports describing 
data obtained from experiments performed in animals must clearly 
indicate that humane standards equal to those described by the 
American Physiological Society were employed. 

Illustrations and other materials taken from other sources must 
be properly credited and assurance provided that permission for 
reproduction has been obtained from the copyright owner and 
author. 

Editing. All papers will be edited for clarity, style, factual accu- 
racy, internal logic, and grammar. Papers extensively copy edited 
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the addition, following the Abstract, of key words for indexing 
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page. 
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cm (8 by 10 in). 
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materials or to use illustrations that may identify subjects. 

Authors should keep copies of everything submitted. | 

Title Page. The title page should contain [1] the title of the 
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which the work should be attributed; [5] disclaimers, if any; [6] 
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When reporting experiments on human subjects, indicate 
whether the procedures followed were in accord with the ethical 
standards of the Committee on Human Experimentation of the 
institution in which the experiments were done or in accord with 
the Helsinki Declaration of 1975. When reporting experiments on 
animal subjects, indicate whether the institution's or the National 
Research Council's guide for the care and use of laboratory animals 
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including generic name(s), dosage(s), and route(s) of administration. 
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' findings - n ; appropriate. Detailed statistical analyses, 
m ine or the like may sometimes be suitably 





; tables and/oril illustrations pecu or summarize only important 
observations. 

Discussion. Emphas the new and important aspects of the 
study and conclusions that follow from them. Do not repeat in 
detail data given in the Results section. Include in the Discussion 
the implications of th ndings and their limitations and relate the 
observations to othe r relevant studies. Link the conclusions with 
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sions not completely supported by your data. Avoid claiming 
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iendations, when appropriate, may be included. 
erences. (The following style will appear in the journal 
effective volume 60, January 1981.) Number references consecu- 
tively in the order in which they are first mentioned in the text. 
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scripts submitted but not yet accepted should be cited in the text 
as "unpublished observations" (in parentheses). 

References must be verified by the author(s) against the original 
documents. 

Examples of correct forms: 












Journal E 
1. Standard Journal Article (List all authors when six or less; when seven or 
more, list only first three and add et al) 
Seter NA, Wasserman SI, Austen KF. Cold urticaria: release into the 
circulation of histamine and eosinophil chemotactic factor of anaphy- 
laxis during cold challenge. N Eng! ] Med 1976;294:687-90, 
2. Corporate Author 


The Committee on Enzymes of the Scandinavian Society for Clinical 
Chemistry and Clinical Physiology. Recommended method for the 
determination of gamma-glutamyltransferase in blood. Scand | Clin Lab 
Invest 1976;36:119-25. 
Anonymous. Epidemiology for primary health care. Int ] Epidemiol 
1976;5:224-5. 

Books and Other Monographs 

3. Personal Author(s) 
Osler AG. Complement: mechanisms and functions. Englewood Cliffs: 
Prentice-Hall, 1976. 

4. Corporate Author 
American Medical Association Department of Drugs. AMA drug eval- 
uations. 3rd ed. Littleton: Publishing Sciences Group, 1977. 

5, Editor, Compiler, Chairman as Author 


Rhodes Aj, Van Rooyen CE, comps. Textbook of virology: for students 
and practitioners of medicine and the other health sciences. 5th ed. 
Baltimore: Williams & Wilkins, 1968. 


6. Chapter in Book 
Weinstein L, 5wartz MN. Pathogenic properties of invading microor- 


ganisms In: Sodeman WA Jr, Sodeman WA, eds. Pathologic physiol- 
ogy: mechanisms of disease. Philadelphia: WB 5aunders, 1974:457-72. 


7. Agency Publication 


Natione Center for Health Statistics. Acute conditions: incidence. and 

associat-d disability, United States July 1968-June 1969. Rockville, Md: 
Nationa Center for Health Statistics, 1972. (Vital and health statistics. 
Series ©: Data from the National Health Survey, no. 69) DEN : 
publica* on no. (HSM)72-1036). 


Tables. Fype each table on à separate sheet; remember to double 
space. Do rot submit tables as photographs. Number tables con- 
secutively «nd supply a brief title for each. Give each column a 
short or abkreviated heading. Place explanatory matter in footnotes, 
nct in the beading. Explain in footnotes all nonstandard 
tiens that ae used in each table. For footnotes, use th 
symbols inc this sequence: *, t, t, $ |, $4» **, Tt... 
statistical measures of variation such as SD and SEM. 

Omit internal horizontal and vertical rules. 

Cite eack table in the text in consecutive order, 





: following 
. Identify 


If you use data from another published or unpublished source, ` rm 


obtain perraission and acknowledge fully: | 

The ediwr on accepting a manuscript may recommend that 
acditional ables containing important backup data too extensive 
to be pubished may be deposited with the National Auxiliary 
Publicatiors Service or made available by the author(s). In that 
event, an aopropriate statement will: be added to the text. Submit 
such table -or consideration with the manuscript. 

lllustratzons. Submit three complete sets of figures. Figures 
should be professionally drawn and photographed; freehand or 
typewritter: lettering is unacceptable. Instead of origin: drawings, 
roentgenograms, and other material, send sharp, glossy black-and- 
wnite photographic prints, usually 12.7 by 17.3 cm (5 by 7 in) but 


no larger taan 20.3 by 25.4 cm (8 by 10 in). Letters, numbers, and... 2 


symbols should be clear and even throughout, and of sufficient size 
that when reduced for publication each item will still be legible. 


Titles and detailed explanations belong in the legends for illustra- j 


tions, not en the illustrations themselves, 

Each figare should have a label pasted on its back indicating the 
number ofthe figure, the names of the authors, and the top of the 
figure. Domot write on the back of the figures or mount them on 
cardboard, or scratch or mar them using paper clips. Do not bend 
fizures. 

Photomxrographs must have internal scale markers. Symbols, 
arrows, or letters used in the photomicrographs should contrast 
with background. 

If photezraphs of persons are used, either the eR must not 
be identifiable or their pictures must be accompanied by written - 
permissior to use the photograph. 

Cite eacn figure in the text in consecutive order. If a figure has 
been publshed, acknowledge the original source and submit writ- 
ten permission from the copyright holder to reproduce the material. 
Permissior is required, regardless of authorship or publisher, ex- 
cept for decuments in the public domain. 

_ For illustrations in color, supply color negatives or positive 
transparerzies and, when necessary, accompanying drawings 
marked tc indicate the region to be reproduced; in addition, send 
two positi-e color prints to assist editors in making recommenda- 
tions. Som journals publish illustrations in color only if the author 
pays for the extra cost. 

Legend- for Illustrations. Type lend: for illustiapons double 
spaced, starting on a separate page with arabic numerals corre- 
sponding :o the illustrations. When symbols, arrows, numbers, or 
letters are used to identify parts of the illustrations, identify and 
explain each one clearly in the legend. Explain internal scale and 
identify method of staining in photomicrographs. 

Abbrev ations. Define all abbreviations except those approved 
by the Imernational System of Units for amount of substance, 
mass, lensth, time, temperature, electric current, and luminous 
intensity. Jo not synthesize new or unusual abbreviations. When 
many abbreviations are used, include all in a box of definitions at 
tne start c the article. 
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Publisher of ANESTHESIA and ANALGESIA 


3645 Warrensville Center Road, Cleveland, Ohio 441 22, U.S.A. 


I.A.R.S. EDUCATIONAL MEMBERSHIP 


SPONSORING ORGANIZATION: The International Anesthesia Research Society is a non-profit, scientific and 
educational corporation of the State of Ohio. It serves the Specialty in two ways: (1) By publication of a bi- 
monthly journal entitled "Anesthesia and Analgesia’’; and (2) By sponsorship of an annual scientific (' "Congress ) 
meeting in March of each year. The I.A.R.S. is independent of, and has no affiliation or membership-exchange 
arrangement with any other anesthesia Society or association: 


PURPOSE OF EDUCATIONAL MEMBERSHIP: To financially assist students in anesthesiology or anesthesia- 
related training programs by making available to them, during the effective term of their Educational Membership: 
(1) Aone-half price subscription to "Anesthesia and Analgesia’ and 
(2) Complimentary registration at the annual scientific meeting. 
WHO IS ELIGIBLE FOR EDUCATIONAL MEMBERSHIP: 


| Residents and Fellows (Interns) enrolled in training programs in the medical, osteopathic or dental 
professions: 


I! Nurses with a diploma or degree in nursing who are enrolled in nurse anesthesia schools; 


lil Students enrolled in programs leading to certification as Physician Assistants in Anesthesia/Anesthesiologist 
Assistants /Physician Associates in Anesthesiology; and 


Students enrolled in programs leading to certification as Respiratory Therapists or Technicians. 


MEMBERSHIP TERMS AND COSTS: There are two membership periods available. The applicable member- 
ship dues must be paid in full. with the application (i.e., annual payments of $15 will not be accepted.) 


Two-Year Term— $30.00: Individuals applying for this period should have at least 18 months remaining in 
their training program at the time of application: 


Three-Year Term— $45.00: Individuals applying for this period should have at least 30 months remaining in 


BV -their training program at the time of application. 


2 Note: The Educational Membership term should not extend more than six months following the ending of the 


training program covered. To that end, I.A.R.S. may, at its option, enter memberships retroactively to 
conform. In such instances, back issues of the Journal will be sent so that all 2-year memberships include 
12 Journals, and all 3-year memberships include 18 Journals. 


CANCELLATION OF MEMBERSHIP: Educational Membership can be cancelled upon written request to the 
IARS, and return of membership card, if the member is no longer enrolled in the training program. Pro-rated 


i | refunds will be made at the discretion of the LA.R.S. 


CONTINUATION OF MEMBERSHIP: After completion of the Educational Membership period, and upon pay- 
ment of membership dues then in effect, individuals in Category | will be automatically contínued as Members; 
and individuals in Categories Il and IH will be automatically continued as Associate Members of the LA.R.S. 


APPLICATION FORMS: The official application form (or facsimile thereof) must be used in applying for this 


membership, and payment must be submitted with the application. Application forms are available from the 
Cleveland business office, address above. 
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NICAL FACULTY POSITIONS OPEN 
oo. .1980-1981 

OLLEGE OF MEDICINE, 

ING FAISAL UNIVERSITY 
AMMAM, SAUDI ARABIA 


The expanding College of Medicine at King Faisal 
University is going into its sixth year of development 
and invites applications from qualified clinica! faculty 
for the 1980-1981 academic year in: 


ANESTHESIOLOGY 


| | SALARIES are highly competitive and negotiable; com- 
rable to other Saudi universities. 

BENEFITS include free furnished housing, educational 
allowances, air tickets to and from Saudi Arabia once 
| each year for a family of four, 60-day paid vacation in 
| the summer, liberal overweight allowance. 


Contracts are for one year and are renewable. Language 
of instruction is English. 











| Professor will be available after January 1, 1980. Re- 
| sponsbilities include teaching, at the undergraduat ; 
| graduate and postgraduate levels, research and servi 


| structure and excellent fringe benefits. 


STATE DVAIVERS/ITY 
of 
NEW YORK 





STAFF " 
ANESTHESIOLOG 





Two positions at the rank of Assistant 4 or - Associati o 













Four wears of postgraduate training and eligibilit 
a Nev York license is required. An interest in region 
anesthesia, pain therapy or intensive care advanta- 
geous but not essential. Highly competitive salary 


Send curriculum vitae to: 


Send curriculum vitae with current telephone number, 
-and the names and addresses of three references to: 
i DR. TAWFIQ TAMIMI 
Dean, College of Medicine 
King Faisal University 


Howard L. Zauder, M.D., Ph.D. 
Professor and Chairman 
Department of Anesthesiology 
State University of New. York -— 





c/o Saudi Arabian P. O. Box 2 Upstate Medical Center 
Educational Mission Sunbury-on- Thames Syracuse, New York 13210 
2221 West Loop South Middlesex 


Houston, Texas 77027 England TW 16 5JP 


Cook County Graduate School of Medicine 





announces 


SPECIALTY REVIEW COURSE IN 
ANESTHESIOLOGY 


May 11-16, 1£80 


Alon P. Winnie, M.D., Course Coordinator 
Chairman, Department of Anesthesia 
Abraham Lincoln School of Medicine 

University of Illinois 





A six-day intensive review course which examines, in-depth, the 
clinical practice of Anesthesiology and the fundamental principles 
upon which it is based. 


A.M.A. Category I Credit: 54 Hours 


For further information and registration contact: 





Cook County Graduate School of Medicine 
707 South Wood Street, Chicago, Illinois 60612 
(312) 733-280€ 
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LTTE TI NE ENR AE AE REIT EE 


PEDIATRIC ANESTHESIOLOGY RESI- 
DENCY 


Childrens Hospital of Los Angeles has ad- 
vanced clinical program for residents at 
the second and third year level of training. 
Also accepting applications from practic- 
ing anesthesiologists who wish to update 
their knowledge and proficiency. Positions 
available from 2 months to 1 year. Spe- 
cialized year approved by the AMA. For 
further details contact: 

George B. Lewis, Jr, MD 

Head, Division of Anesthesiology 

Childrens Hospital of Los Angeles 

4650 Sunset Boulevard. ... 

Los Angeles, CA 90027 

Phone (213) 662-1708 





MARYLAND: — | 
The Maryland Institute. for Emergency 
Medical Services Systems is seeking staff 
anesthesiologists with an interest and/or 
experience in critical care, trauma anesthe- 
sia and/or neuro-surgical anesthesia/crit- 
ical care. MIEMSS is the 85 bed clinical 
center for trauma care and research in the 
State of Maryland. Teaching and research 
opportunities in a multidisciplinary setting 
are available. Salary negotiable, liberal 
fringe benefits. Send curriculum vitae to: 
: Peter Chodoff, M.D., M.P.H,, Chief, Crit- 
. ical Care/Anesthesia, Maryland Institute 
for Emergency Medical Services Systems, 
Baltimore, Maryland 21201 


TEXAS: | 


Board-certified or board-eligible anesthe- 
siologist wanted to join department con- 
sisting of 2 board-certified anesthesiolo- 
gists and 3 hospital emploved CRĦAs in 
392-bed acute care hospital. Caseload con- 
sists primarily of general surgery, gyne- 
cology, minimal OB coverage, orthopedics 
and no cardiac surgery. Fee-for-service 
practice with generous first year salary 
guarantee, Texas malpractice rates are 
minimal and there is no state income tax. 
Our city has 170,500 people, low housing 
and utility costs, and a very modern med- 
ical center. For further details write to Box 
2-80-D, c/o LA.R.S. 


A 
ANS 


: "i 


classified 
ADVERTISING 


a SST AEST 
ANESTHESIOLOGIST 


Position available for an Anesthesiologist 
in an active 460-bed general medical and 
surgical teaching hospital with strong af- 
filiation with University of Missouri Med- 
ical School. Prefer candidate who is board 
certified or eligible. Licensure in any of 
the 50 states acceptable. Salary range 
$40,000 to $50,112 per year dependent on 
qualifications plus handsome bonus. Lib- 
eral fringe benefits. Call or write Warren 
P. Sights, M.D., Acting Chief of Staff, 
Harry 5. Truman Memorial Veterans Hos- 
pital, 800 Stadium Road, Columbia, MO 
65201, phone (314) 443-2511 ext. 6010. An 
Equal Opportunity Employer. 


Fe eae WEGE] 


MAYO FOUNDATION, DEPARTMENT 
OF ANESTHESIOLOGY— 

Opportunities for advanced subspecialty 
training in cardiovascular and neuro-an- 
esthesia, respiratory intensive care, and 


_ pain management are available to quali- 


fied candidates. Indepth training experi- 


‘ence in one or more of these areas for 


periods of six months to two years may be 


arranged. For additional details, contact: 


Alan D. Sessler, M.D., Chairman, Depart- 
ment of Anesthesiology, Mayo Founda- 


tion, Rochester, Minnesota 55901. 


LEER RAR ANNE REE REED SM DUUM ED 
ANESTHESIOLOGIST — 

70-physician  multispecialty group in 
Western Kentucky, expanding to 80 plus 
physicians and surgeons; excellent open- 
ing in section of four M.D. anesthesiolo- 
gists and nine C.R.N.A.'s; new 401-bed 
hospital opening December 1979; early 
partnership with incentive income distri- 
bution formula. Subspecialty interest in 
cardiovascular surgery and conductive an- 
esthesia desirable but not mandatory. 
Contact: Medical Director, Trover Clinic, 
Madisonville, Kentucky 42431: 502.821- 
7171, Extension 205. 


SARA EET ORI EEE 


ANESTHESIOLOGIST 


Needed in small Minnesota city. Challeng- 
ing cases, no open heart. Malpractice in- 
surance paid. Salary first year, then buy- 
in. Reply to Box 9-79-H, c/o LA.R.S. 
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A SATE 
MISSOURI 


Anesthesiologist wanted to join private 
group practice. 400-bed hospital with all 
specialties except open heart; little OB. 
Town of 100,000 with good schools, close 
airport, and good recreation. Excellent 
starting income, fringes, and potential. Re- 
ply to Box 7-79-A, c/o LA.R.S, 


E 
ANESTHESIOLOGISTS: 


90 member multispecialty group adjacent 
to modern accredited 500 bed hospital 
seeks Board eligible or certified specialist 
to join associates; located in upper mid- 
west university metropolitan area of 
110,000; thirty-five minutes from superb 
clean lake region; associated with four 
year medical school; outstanding income; 
all specialties represented; will pay travel 
expenses for physician and spouse for in- 
terview. Write Box 3-80-A, % LA R.S, 


n RPI SETA 
ANESTHESIOLOGIST: 


Board certified with four years of real life 
clinical experience, familiar with critical 
care medicine, able to organize and up- 
grade a department's activities, current in 
all areas of anesthesia including cardiac, 
neuro and pediatrics, is seeking a private 
practice of anesthesia involving primarily 
supervision and teaching but also direct 
patient care and departmental function, in 
à growing community and a hospital with 
great potential. Send information to Box 
11-79-A, c/o LA.R.S. 


ee eee 
ANESTHESIOLOGISTS 


Assistant & Associate Professors. Require- 
ments: board certification or eligibility. 
Teaching & research experience, NJ. li- 
censure. Competitive salary, faculty prac- 
tice plan, large research laboratory. Send 
C.V. and names of 2 references to: Dr. 
Wen H. Wu, Professor & Chairman, Dept. 
of Anesthesiology, Medical Science Bldg., 
Rm. E538, or call (201) 456-5119. COL- 
LEGE OF MEDICINE & DENTISTRY OF 
NEW  JERSEY-—New Jersey Medical 
School, 100 Bergen St., Newark, NJ 07103. 
Equal Opportunity/Affirmative Action 
Employer M/F. 





























- ILLINOIS: 
Immediate openings for Board Certified/ 
Eligible Anesthesiologists— Assistant and 
Associate Professors. Research Opportu- 
..". mities. Applications with Curriculum Vitae 
-be forwarded to: Dr. Donald Ben- 
| 'son, University of Chicago, Department of 
Anesthesiology, 950 E. 59th Street, Chi- 
cago, Ill. 60637. AN EQUAL OPPORTU- 
NITY EMPLOYER. 






VOLUNTEER ANESTHESIOLOGISTS 
- NEEDED ABROAD 
Any interested candidates may obtain in- 
formation on Voluntary Tours from MED- 
ICO, a Service of CARE, 2007 Eye Street, 
N.W., Washington, D. C. 20006, telephone 
202-223-2277. 





McGILL UNIVERSITY 


1980 ANNUAL REVIEW 
COURSE IN 
ANAESTHESIA 


JUNE 2-6 


Mut TEE DURO Sea TM ENGEL s ye EETA SATE EAEE J 
4 eine Ea WEST VRAERBISY 2 eee Ses 
"d Si MEVS i EDU. 


classi ifi ied 
ADVERTISING 


WEST VIRGINIA: 


Pain Clinic Fellowship commencing July 
1, 1980 available to applican: with three 


years post graduate training in anesthe- 


siology. Multi-disciplined Fain Clinic, 
seeing approximately — 2,080 patients 
vearly, 2596 of which are n*w patients. 
Clinic based on out-patient mdel with in- 
house beds availabie. Reguar staff in- 
cludes three anesthesiologists, a psychia- 
trist, and two clinical psycholegists. Ancil- 
lary services include physical -herapy, oral 
surgery and family practice. For further 
information contact Rober Bettinger, 
M.D., Director of Pain Clinic Department 
of Anesthesiology, West Virginia Univer- 
sity Medical Center. Morgartown, West 
Virginia 26506. Deadline for.applications 
is April 1, 1980. An equal epportunity/ 
affirmative action employer. 


o mailed to: Anesthesia and Analgesia, 3645 




















ANESTHESIOLOGIST — vo 


FMG currently doing a fellowship i inc Obs " 
stetric Anesthesia, looking for an exclusive. 
private practice set up or one associate 
with a university, available August Ist, 
excellent references. Reply to BOX 3-80: 
B, % LA. R. 5. 


Rates for classified advertising: $3.00 
per line, minimum 5 lines; box number 
ads $3. 50 per line. Classified display rates. 
on request. Copy deadline 6 weeks prior 
to publication. Do: not submit payment 
with order; invoices will be sent for pay- 
ment prior to publication. Ad copy, subject. wee, nie 
to acceptance by publisher, should be ^: 





Warrensville Center Rd; Cleveland; OH P 
44122. zd 








Lies jode 











An update of major clinical areas in anaesthesia 
directed towards residents, examination candi- 
dates and specialist anesthesiologists. 


The distinguished guest faculty will include: 


Edward I. Eger, II George A. Gregory 
Norig Ellison Carl C. Hug, Ir. 
Donald C. Finlayson Robert Kirby 

M. Finster John D. Michenfelder 
Pierre Foex Ronald D. Miller 
Alison B. Froese George Rodman 

J. Kent Garman 


This course is co-sponsored by the University of 
Vermont College of Medicine and is approved 
for AMA study credits, category 1. 


FEES: $250.00 (canadian funds) or $215.00 (U. 5 
funds) 
$150.00 (canadian funds) or $130.00 (U. 5. 
funds) 
(residents with letter from chief of service) 


For further details write to: 


The Secretary 
Post-Graduate Board, 

Royal Victoria Hospital 

687 Pine Avenue, West: 
Montreal, Quebec H3A 1A1 


eta Á sri’ i RN tata REA INN PM te P AAA AO CAAA PAM HH AE P AE RAP atten ts A etre ri P rtr seen PHP Pet vb via t etas iere APPEAR A AB tvi eR 


SNMP 
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is err o: nesthe sick ^" T 
at all levels y 


to join a growing, forward er E HA 
We are a large public medicale nd. 

primary teaching hospita! & ?eSIty s 

of Southern California ar 
clinical base: one of the m 
and sizeable. in the natic 
offered entail clinical and teach 
sibilities with optional research € 
ities in obstetrics, neuro, respirat 
general anesthesia, Successful can 
will possess a strong desire to teach i 
participate in the building of an ou 
standing clinical and educational program =», 
in anesthesia, 


Send C. V. to Glenn F. Gordon, M.D. 
Department of Anesthesiology, 


Los Angeles County/ 
University of Southern California 


Medical Center 


1200 North State Street 
Los Angeles, CA 90033 | 
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. There's a very important safety point in our 
. new “C” Series spinal tray line: An exclusive 


= 


x 
F> 


NECS 
« J uf 
7 1 


*Pontocaine is Winthrop Laboratories’ trademark 
"*Xylocaine is Astra Pharmaceutical Products’ 
trademark — 


5 micron filter aspiration needle. 
This 19 ga. x 1%" needle contains a 5 micron 


. particulate matter filter in its hub, which pro- 


vides assurance against the inadvertent — 


injection of glass ampule particles into the _ 


subarachnoid space. 
_ It comes preattached to our clear 5 cc 


. Syringe, another safety feature which allows 
. complete visualization of the drug mixture. 


PLUS, ALLTHESE OTHER SAFETY 


AND CONVENIENCE POINTS, TOO. - 


A light, clean spinal needle. We use our 
own spinal needle with a metal hub and light- 
weight nylon tip stylet which is much less 
likely to dislodge. 4 

And both cannula and stylet are match 
ground to guard against accidental tissue 
coring. 


^ Brand name drugs you can rely on, with a 


variety of spinal anesthetics including 
Pontocaine* Xylocaine** and Lyophilized 
Pontocaine; plus a choice of vasoconstrictors. 
There's also a clean styrene basin with 
no styrofoam particles to flake off on your © 
gloves; a sterilization indicator; three 
unique prep swabs and much more. 
And the price is definitely a point in | 
your favor. | 
Be sure to see our new “C” 
series. | 
For samples, just contact your 
Pharmaseal representative. 
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BOOKS FOR REVIEW should be sent directly to the Book 
Review Editor, E. Paul Didier, M.D., % Mayo Clinic, 200 First 
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upon comple&on of application including certification by appli- 
cant' s progran director. 


SINGLE ISSUES: $5.50 each beginning 1979; $4.50 for years 
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1928-1953. See "Back Issues Available'' or write to Cleveland 
business office for listing.) 


MAILING DATES: Journals mailed 25th of month preceding 
issue date. Second class postage paid at Cleveland, Ohio and 
at additional mailing offices. 


CHANGE OF ADDRESS NOTICES: Send to Cleveland business 
office as muct in advance as possible to ensure correct address- 
ing of Journals. Replacement copies of missing Journals will be 
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office as undeliverable. POSTMASTER: Send address changes 
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Society, 3645 Warrensville Center Road, Cleveland, Ohio 
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ADVERTISING: Rate sheets, including advertising clearance 
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Charles B. Sleck, Inc., 6900 Grove Road, Thorofare, New Jersey 
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LOW-RISKANESTHESIA 















Soo. pad onset of anesthesia, profound anal- 
-gesia, IM or IV administration. Little risk of liver 
- damage or buildup of tolerance following repeated 
procedures. Ketalar usually strengthens, rather than 
depresses, blood pressure, pulse rate and respira- 
tion. When necessary, it permits maintenance of 
unaided respiration because of minimal relaxation of 
skeletal muscles or laryngeal-pharyngeal reflexes. 


for the patients who need them 


LAt either end of the age spectrum, the pediatric or 
Geriatric patient. The patient in shock, or with 

shock potential. Patients in whom establishing an IV 
route of administration is difficult. The burn patient 
requiring repeated dressing changes. Patients 
requiring manipulative or diagnostic procedures. 
The debilitated patient. The emergency patient who 
.. may not have an empty stomach. 








| 979 Warner-Lambert Company 
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SPECIAL NOTE 
EMERGENCE REACTIONS HAVE OCCURRED | IN. APPROXIMATELY 12% OF 
PATIENTS. : 

THE PSYCHOLOGICAL MANIFESTATIONS VARY IN SEVERITY BETWEEN. 
PLEASANT, DREAMLIKE STATES. VIVID IMAGERY, HALLUCINATIONS, AND: '- 
EMERGENCE D=LIRIUM. IN SOME CASES, THESE STATES HAVE BEEN AC 
PANIED BY COPFUSION, EXCITEMENT, AND IRRATIONAL BEHAVIOR WI 
A FEW PATIENTS RECALL AS AN UNPLEASANT EXPERIENCE. THE. DURATI 
ORDINARILY LASTS NO MORE THAN A FEW HOURS; IN A FEW CASES, 
HOWEVER. REGURRENCES HAVE TAKEN PLACE UPTO 24 HOURS POSTO 
ATIVELY. NO RESIDUAL PSYCHOLOGICAL EFFECTS ARE KNOWN TO HAV 
RESULTED FROM USE OF KETALAR. 

THE INCIDENCE OF THESE EMERGENCE PHENOMENA iS LEAST IN THE ; 
YOUNG (15 YEARS OF AGE OR LESS) AND ELDERLY (OVER 65 YEARS OF AGE) 
PATIENT. ALSO, THEY ARE LESS FREQUENT WHEN THE DRUG IS GIVEN 
INTRAMUSCULARLY. 

THESE REAC“IONS MAY BE REDUCED IF VERBAL. TACTILE. AND VISUAL. b 
STIMULATION C F THE PATIENT IS MINIMIZED DURING THE RECOVERY PERIOD. 
THIS DOES NO^ PRECLUDE THE MONITORING OF VITAL SIGNS. IN ADDITION 
THE LSE OF A 3MALL HYPNOTIC DOSE OF A SHORT-ACTING OR ULTRA- 
SHORT-ACTINC BARBITURATE MAY BE REQUIRED TO TERMINATE A SEVER 
EMERGENCE F=ACTION. THE INCIDENCE OF EMERGENCE REACTIONS 
REDUCED AS EXPERIENCE WITH THE DRUG IS GAINED. > AE 

WHEN KETAL'AR IS USED ON AN OUTPATIENT BASIS, THE PATIENT SH L 
NOT BE RELEASED UNTIL RECOVERY FROM ANESTHESIA IS COMPLETE. 
AND THEN SHOULD BE ACCOMPANIED BY A RESPONSIBLE ADULT. — 


CONTRAINDICATIONS 
Ketamine hydrochloride is contraindicated in those in whom a significant elevation ot 
blood pressure would constitute a serious hazard and those who have shown "vae re 
sensitivity to the drug. 


WARNINGS s * 
t. Ketalar sheud be used by or under the direction of physicians experienced in 3 
admiristering general anesthetics and in maintenance of an airway and inthe control. 
of respiration. : 
2. Cardiac furztion should be continually monitored during the procedure in 
patients found te have hypertension or cardiac decompensation. l 
3. Earbiturates and Ketalar. being chemcially incompatible because of precipitate: 
formation, shoud not be injected from the same syringe. ; 
4. Frolonged ecovery time may occur if barbiturates and/or narcotics are used 
concurrently wim Ketalar 
5. Fastoperat.ve confusional states may occur during the recovery period. | 
6. Fespiratory.depression may occur with overdosage or too rapid a rate of admin- 
istration of Ketaar. in which case supportive ventilation should be employed. 
Mechanical support of respiration is preferred to administration of analeptics. 
Usage in Pregrancy: Since the safe use in pregnancy. including obstetrics (either 
vaginal or abdominal delivery), has not been established, such use is not 
recommended. 


PRECAUTION: 2 

1. Because pearyngeal and laryngeal reflexes are usually active, Ketalar {ketamine 
HCI injection) saould not be used alone in surgery or diagnostic procedures of th 
pharynx, larynx. or bronchial tree. Mechanical stimulation of the pharynx should be. 
avoided. whenever possible. if Ketalar is used alone. Muscle relaxants. with proper = 
attention to respiration. may be required in both of these instances. E 

2. Resuscitatwe equipment should be ready for use. 

3. The incidence of emergence reactions may be reduced if verbal and tactile 
stimulation of tee patient is minimized during the recovery period. This does not = 
preclude the monitoring of vital signs (see Special Note). vq 

4. The intravenous dose should be administered over a period of 60 seconds. More. ` 
rapid administration may result in respiratory depression or apnea and enhanced - 
pressor resporse. 

5. in surgicakorocedures involving visceral pain pathways, Ketalar should be 
suppemented with an agent which obtunds visceral pain. | 

6. Use with caution in the chronic alcoholic and the acutely alcohol-intoxicated ~~ 
patient. s 

7. An increase in cerebrospinal fluid pressure has been reported following adminis: 
tration of ketarrine hydrochloride. Use with extreme caution in patients with pre- 
anesthetic elevo ted cerebrospinal fluid pressure. 


ADVERSE REACTIONS 

Cardiovascu ar: Blood pressure and pulse rate are frequently elevated following _ 
administration of Ketalar. However, hypotension and bradycardia have been 
Obse"ved. ArrPwthmia has also occurred. 

Respiration: although respiration is frequently stimulated, severe depression of . 
respiration or anea may occur following rapid intravenous administration of high - 
doses of Ketale (ketamine HCI injection). Laryngospasms and other forms of ame 
obstruction hae occurred during Ketalar anesthesia. 

Eye: Diplopic and nystagmus have been noted following Ketalar administration. : 
it also may cavae a slight elevation in intraocular pressure measurement. 

Ps.chological: (See Special Note). a 

Neurologicas In some patients, enhanced skeletal muscle tone may be manifasiod: at 
by tonic and clanic movements sometimes resembling seizures (see Dosage and 
Adrranistration . 

Gestrointestmal: Anorexia, nausea and vomiting have been observed; however this 
is not usually severe and allows the great majority of patients to take liquids by 
mouth shortly after regaining consciousness (see Dosage and Administration). 

General: Local pain and exanthema at the injection site have infrequently been 
reported. Tranzsent erythema and/or morbilliform rash have also been reported. 


HOW SUPPLI:D : 
Keta ar is suppiied as the hydrochloride in concentrations equivalent to ketamine  : 
base. P 
N 9071-458 -15— Each 50-ml vial contains 10 mg/ml. Supplied in cartons of 10. he 
N 2071-458 -12—Each 20-ml vial contains 10 mg/ml. Supplied in cartons of 10. 
N 307 1-458*- 10 — Each 10-ml vial contains 50 mg/ml. Supplied in cartons of 10. 
N 207 1-458«-08 — Each 5-ml vial contains 100 mg/ml. Supplied in cartons of 10. 


PARKE-DAVIS 
PARKE-DAVIS = > 
Division of Warner-Lam 
PD-.A-2645-1-2 (4-79) Morris Plains, NJ On 
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PROVEN EFFECTIVE: : 9996 BEES dut 
Features an all new internal filter sti 


with hermetic tri-gard locking device for - Ww Fail-sal 


added structural integrity and | 
fail-safe performance. | 


/ The unique electrostatic ie works like 
a magnet; not just a strainer. A 


ic aN 








Se "358. 


EAS k 
. » 


erem de 





Ao Bacterial and Viral retentive. Biological . : ; 
testing proves it effectively stops all d beds whee resista NS T TTE 
pathogens including Pseudomonas : 9. X E a: 
aeruginosa and Staphylococcus auereus. - ORE Biriontan potentia co compliance 

/ Only filter documented 99% reliable Witt ndt backing) NOE 
against all organisms regardless of size. » Don't settle tór theo jatec y 


/ New hydrophobic reticulated chambers 
_ produce unique capillary action that diverts 
excessive condensate and rainout. 


Encapsulated filter media for maximum 
filter integrity and improved performance. 


Non-pleated filter media. 


/ Protection against biological and inorganic 
contamination or migration. 


v/ Actual Biological Filtration Efficiency 
(B.F.E.) documentation measures 
effectiveness & reliability. : 


technelogy of porosity type f ilt e in 


private label or international sales Inf / 
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Demaad state-of-the-art eff. BSS é 
reliabi ity. Evaluation sam LL AEn 
documentation available Upon pi For . 


call Rey Sheppard, (305) 652-2365. ELE MW AU. 
For hcspital or dealer sales call s M. Aivarez; CER 
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New/ Improved 


Tel-E-Ject 


10-mg Disposable 
Syringe (5 mg/ml) 


scale on both sides 
of barrel eases 
visibility during 
administration 


Injectable 


Valium LV 


diazepam/Roche 


10-ml vials 
2-ml ampuls 







|5 mg/ml 


i} 
iii i 


Please consult complete 
product information, a summary 
of which follows: 


Contraindications: Hypersensitivity: 
acute narrow angle glaucoma; may be 
used in patients with open angle glau- 
coma receiving appropriate therapy. 
Warnings: 7o reduce the possibility of 
venous thrombosis, phlebitis, local irri- 
tation, swelling, and, rarely, vascular 
impairment when used l.V.: inject 
slowly, taking at least one minute for 
each 5 mg (1 ml) given; do not use 
small veins, i.e., dorsum of hand or 
wrist; use extreme care to avoid intra- 
arterial administration or extravasation 
Do not mix or dilute Valium (diazepam! 
Roche) with other solutions or drugs in 
syringe or infusion flask. If it is not 
feasible to administer Valium directly 
I.V., it may be injected slowly through 
the infusion tubing as close as pos- 
sible to the vein insertion. 

Administer with extreme care to elderly, 
very ill, those with limited pulmonary 
reserve because of possibility of apnea 
and/or cardiac arrest; concomitant use 
of barbiturates, alcohol or other CNS 
depressants increases depression with 
increased risk of apnea; have resusci- 
tative facilities available. When used 
with narcotic analgesic, eliminate or 
reduce narcotic dosage at least ^, 
administer in small increments. Should 
not be administered to patients in 
shock, coma, acute alcoholic intoxica- 
tion with depression of vital signs. As 
with most CNS-acting drugs. caution 
against hazardous occupations requir- 
ing complete mental alertness (e.g., 
operating machinery, driving). 

Has precipitated tonic status epilep- 
ticus in patients treated for petit mal 
status or petit mal variant status 
Withdrawal symptoms similar to those 
with barbiturates and alcohol have 
been observed with abrupt discon- 
tinuation after long use of excessive 
doses. Infrequently, milder withdrawal 
symptoms have been reported follow- 
ing abrupt discontinuation of benzo- 
diazepines after long, continuous use 
at high therapeutic levels. After ex- 


tended therapy, gradually taper dosage. 


Usage in Pregnancy: Use of 
minor tranquilizers during 
first trimester should almost 
always be avoided because 
of increased risk of congeni- 
tal malformations, as sug- 
gested in several studies. 
Consider possibility of preg- 
nancy when instituting 
therapy; advise patients to 
discuss therapy if they intend 
to or do become pregnant. 
Not recommended for OB use. 





Efficacy/safety not established in neo- 
nates (age 30 days or less); prolonged 
CNS depression observed. In children, 
give slowly (up to 0.25 mg/kg over 3 
minutes) to avoid apnea or prolonged 
somnolence; can be repeated after 15 
to 30 minutes. If no relief after third 
administration, appropriate adjunctive 
therapy is recommended 
Precautions: Although promptly con- 
trolled, seizures may return; re-admin- 
ister if necessary; not recommended 
for long-term maintenance therapy. 

If combined with other psychotropics 
or anticonvulsants, carefully consider 
individual pharmacologic effects— par- 
ticularly with known compounds which 
may potentiate action of Valium 
(diazepam/Roche), i.e., phenothia- 
zines, narcotics, barbiturates, MAO in- 
hibitors, antidepressants. Protective 
measures indicated in highly anxious 
patients with accompanying depres- 
sion who may have suicidal tenden- 
cies. Observe usual precautions in 
impaired hepatic function; avoid ac- 
cumulation in patients with compro- 
mised kidney function. Laryngospasm/ 
increased cough reflex are possible 
during peroral endoscopic proce- 
dures; use topical anesthetic, have 
necessary countermeasures available. 
Hypotension or muscular weakness 
possible, particularly when used with 
narcotics, barbiturates or alcohol. Use 
lower doses (2 to 5 mg) for elderly/ 
debilitated 

Adverse Reactions: Drowsiness, fa- 
tigue, ataxia, venous thrombosis/ 
phlebitis at injection site, confusion, 
depression, dysarthria, headache, hy- 
poactivity, slurred speech, syncope, 
tremor, vertigo, constipation, nausea, 
incontinence, changes in libido, uri- 
nary retention, bradycardia, car- 
diovascular collapse, hypotension, 
blurred vision, diplopia, nystagmus, 
urticaria, skin rash, hiccups, changes 
in salivation, neutropenia, jaundice 
Paradoxical reactions such as acute 
hyperexcited states, anxiety, hallucina- 
tions, increased muscle spasticity, 
insomnia, rage, sleep disturbances, 
stimulation have been reported; should 
these occur, discontinue drug. Cough, 
depressed respiration, dyspnea, hy- 
perventilation, laryngospasm/pain in 
throat and chest have been reported in 
peroral endoscopic procedures. Iso- 
lated reports of neutropenia, jaundice; 
periodic blood counts, liver function 
tests advisable during long-term 
therapy. Minor EEG changes, usually 
low-voltage fast activity, of no known 
significance. 

Management of Overdosage: Man- 
ifestations include somnolence, con- 
fusion, coma, diminished reflexes. 
Monitor respiration, pulse, blood pres- 
sure; employ general supportive 
measures, I. V. fluids, adequate airway. 
Hypotension may be combated by the 
use of levarterenol or metaraminol. 
Dialysis is of limited value 

Supplied: Ampuls, 2 ml, boxes of 10; 
Vials, 10 ml, boxes of 1; Tel-E-Ject® 
(disposable syringes), 2 ml, boxes of 
10. Each ml contains 5 mg diazepam 
compounded with 4096 propylene 
glycol, 1096 ethyl alcohol, 596 sodium 
benzoate and benzoic acid as 
buffers, and 1.5% benzyl alcohol as 
preservative. 


Division of Hoffmann-La Roche Inc 


ROCHE LABORATORIES 
® Nutley, New Jersey 07110 
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The best trace... 
in the least time. 


The trace shown here is what you can expect 
each time you monitor with NDM electrodes. 


You will see a high amplitude signal with a 
narrow base line. 

And you won't have to wait long for that re- 
markably narrow base line to stabilize. Mon- 
itoring can begin as soon as you have con- 
nected the leadwires. 

Trace quality won't deteriorate during long 
procedures, or as a result of defibrillation, either. 
(Repeated 400 watt-second charges won't pola- 
rize NDM electrodes. A stable trace returns to 
your monitor within one second. ) 

With their ultra-low heating characteristics, 
NDM electrodes also reduce the chance of an 
electrosurgical mishap causing RF burns at 
ECG electrode sites. 

There is an NDM electrode just right for your 
OR, including one with a special adhesive to 
resist contact loss from spilled fluids or prep 
solutions. 





If you are making do with one of the thirty or 
so ot»er electrode brands, please consider this: 
Over half of the monitoring done in the U.S. is 
done with NDM electrodes. 

A tial will convince you, and it's yours for the 
askirg. Returning the coupon can be the first 
step "'oward reducing your electrode problems. 


Thank you 


NDM 


stribusSd by American Hospital S 


4DM Corporation, Dept. D 

2040 E. River Road 

Jayton, Ohio 45439 

[ ] Please have a representative contact me. 

[C] Send information about NDM electrode systems. 
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New self-regulating 
hygroscopic humidifier 
for anesthesia and intensive care 


The Servo Humidifier, a new unique hygroscopic humidifier, 
is capable of maintaining 80% r.h. at 37°C in the trachea of 
mechanically ventilated patients, receiving totally dry respira- 
tory gases. A conventional heat and moisture exchanger, will 
maintain only 55% at 37°C. 

In most clinical applications the hygroscopic Servo Humi- 
difier replaces the conventional bubble type, reservoir 
humidifier, thus eliminating the need for an external water and 
electrical supply. 

The hygroscopic Servo Humidifier eliminates condensation 
in the patient tubing circuit and can be used with all mechanical 
ventilators and most anesthesia gas machines. 

Contact your local Servo Ventilator distributor for our 
fullcolor Servo Humidifier folder and further information or 
write directly to us. 


Servo Humidifier 150 and ISI 


m would like to have more information about the Servo Humidifier 


Name 

Position 
Hospital 
Address 


SIEMENS-ELEMA 
Siemens-Elema Ventilator Systems 
1765, Commerce Drive, Elk Grove Village, Illinois 60007, Telephone: (312)981-4940 
For countries outside U.S.: 
Siemens-Elema AB, Ventilator Division, S-17195 Solna, Sweden 





Relative humidity 
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NARCAN 


naloxone HCI 
NEUTRALIZES THE NEGATIVE 


NARCAN' reverses 

narcotic-induced 

respiratory depression 
e has no morphine-like activity 


* will not cause any depression of its own 
or augment non-narcotic depression 


7$ dosage can be titrated to reverse 
respiratory depression and maintain 








adequate analgesia 

à The duration of activity of some 
Useful when narcotic/ NỌ narcotics may Metis of 
anesthesia is employed NARCAN* Observe the patient 

cbsely and give repeat doses of 
Potent, reliable and NARCAN" if needed. 
fast acting 
* response is usually evident within Also available, 


+.2-3 minutes after I.V. administration and NARCAN’ NEONATAL 


only slightly longer I.M. 


e can be used I.V., I.M. or subcutaneously naloxone HCl 
according to the patients need for Hlease see next page for complete 
immediacy and duration of narcotic prescribing information. 
antagonism 
€ndo Laboratories, Inc. 


S ibsidiary of E.I. du Pont de Nemours & Co. (Inc.) 
Garden City, New York 11530 


" 
NARCAN? is an Endo registered U.S. trademark; U.S. Pat. 3,254,088 "IG us mar & Tw OFF 





OF NARCOTIC-SUPPLEMENTED ANESTHESIA 


















DESCRIPTION NARCAN® (naloxone hydrochloride}, a narcotic antagonist, is a synthetic congener 
of oxymorphone. in structure it differs from oxymorphone in that the methyl group on the nitrogen 
atom is replaced by an allyl group. 


CH; - CH=CH, 
N 


sHC 


HO 


NALOXONE HYDROCHLORIDE 
_ ¢-)-17-Allyl-4, 5a-epoxy-3, 14- — 
dihydroxymorphinan-6-one hydrochloride 





Naloxone hydrochloride occurs as slightly off-white crystals, and ts soluble in water, slightly solu- 
ble in alcohol and practically insoluble in ether. 


NARCAN* (naloxone hydrochloride) Injection is available in two concentrations, 0.02 mg and 0.4 
mg of naloxone hydrochioride per mi. Each ml of either strength contains 8.6 mg of sodium chlo- 
ride; and 2.0 mg of methylparaben and propylparaben as preservatives in a ratio of 9 to 1. pH is 
adjusted with hydrochloric acid. 

ACTIONS NARCAN® (naloxone hydrochloride) is an essentially pure narcotic antagonist, ie., it 
does not possess the “agonistic” or morphine-like properties characteristic of other narcotic 
antagonists; NARCAN® (naloxone hydrochloride) does net produce respiratory depression. psy- 
chotomimetic effects or pupillary constriction. In the absence of narcotics or agonistic effects of 
other narcotic antagonists it exhibits essentially no pharmacologic activity. 


in the presence of physical dependence on narcotics NARCAN® (naloxone hydrochloride) will 
produce withdrawal symptoms; it has not been shown to produce tolerance nor to cause physical 
or psychological dependence, 

When NARCAN® (naloxone hydrochloride) is administered intravenously the onset of action is gen- 
erally apparent within two minutes; the onset of action is only slightly less rapid when it is 
administered subcutaneously or intramuscularly. The duration of action is dependent upon the 
dose and route of administration of NARCAN® (naloxone hydrochloride). Intramuscular ad- 
ministration produces a more prolonged effect than intravenous administration. The requirement 
for repeat doses of NARCAN® (naloxone hydrochloride), however, will also be dependent upon the 
amount. type and route of administration of the narcotic being antagonized. 


INDICATIONS NARCAN* {naloxone hydrochloride) is indicated for the complete or partial reversal 
of narcotic depression, including respiratory depression, induced by natural and synthetic narcot- 
ics, propoxyphene and the narcotic-antagonist analgesic pentazocine. NARCAN® (naloxone hydro- 
chioride) is also indicated for the diagnosis of suspected acute opiate overdosage. 
CONTRAINDICATIONS NARCAN® (naloxone hydrochloride} is contraindicated in patients known to 
be hypersensitive to it, 

WARNINGS NARCAN™ (naloxone hydrochloride) should be administered cautiously to persons 
including newborns of mothers who are known or suspected to be physically dependent on 
opioids. in such cases an abrupt and complete reversal of narcotic effects may precipitate an 
acute abstinence syndrome. 


The patient who has satisfactorily responded to NARCAN™ (naloxone hydrochloride) should be 
kept under continued surveillance and repeated doses of NARCAN® (naloxone hydrochlonde} 
should be administered, as necessary, since the duration of action of some narcotics may exceed 
that of NARCAN® {naloxone hydrochloride}. 

NARCAN'^ (naloxone hydrochloride) is not effective against respiratory depression due to non- 
opioid drugs. 

Usage in Pregnancy Safe use of NARCAN® (naloxone hydrochloride) during pregnancy (other than 
labor) has not been established. Animal reproduction studies have not demonstrated teratogenic 


naloxone 






or other embryotoxic effects (See ANIMAL PHARMACOLOGY AND TOXICOLOGY). However, NARCAN* 
(naloxone hydrochloride) should be administered to pregnant patients only when, in the judgment 
of the physician, the potential benefits outweigh the possible hazards. 


PRECAUTIONS in addition to NARCAN® (naloxone hydrochloride), other resuscitative measures 
such as maintenance of a free airway, artificial ventilation, cardiac massage, and vasopressor 
agents should be available and employed when necessary to counteract acute narcotic poisoning. 


in an isolated report two patients with pre-existing ventricular irritability requiring lidocaine, and 
either isoproterenol or epinephrine for hypotension following cardiopulmonary bypass procedures, 
developed ventricular tachycardia or fibrillation when given NARCAN® (naloxone hydrochloride) 
IV. at 9 and 14 hours, respectively, postoperatively for persistent unresponsiveness. Although a 
direct cause and effect relationship has not been established, NARCAN® (naloxone hydrochloride} 
should be used with caution in patients with cardiac irritability. 


ADVERSE REACTIONS in rare instances nausea and vomiting have been reported in postoperative 
patients receiving NARCAN® (naloxone hydrochloride) in doses higher than that recommended: a 
cause and effect relationship has not been established. 

DOSAGE AND ADMINISTRATION NARCAN* (naloxone hydrochloride) may be administered intraven- 
ously, intramuscularly, or subcutaneously. The most rapid onset of action is achieved by 
intravenous administration and if is recommended in emergency situations. 


Since the duration of action of some narcotics may exceed that of NARCAN® (naloxone hydrochio- ^ 
ride) the patient should be kept under continued surveillance and repeated doses of NARCAN* 
(naloxone hydrochloride) should be administered, as necessary. 


USAGE IN ADULTS Narcotic Overdose — Known or Suspected The usual initial adult dose is 0.4 
mg (1 mi) NARCAN® (naloxone hydrochloride) administered IV., I.M. or S.C. ff the desired degree 
ci counteraction and improvement in respiratory function is not obtained immediately, it may be 
repeated intravenously at 2 to 3 minute intervals. Failure to obtain significant improvement after 
2 ot 3 doses suggests that the condition may be due partly or completely to other disease proc- 
esses of non-opioid drugs. 

Post Operative Narcotic Depression For the partial reversal of narcotic depression following the 
use of narcotics during surgery, smaller doses of NARCAN* (naloxone hydrochloride) are usually 
sufficient. The dose of NARCAN® (naloxone hydrochloride) should be titrated according to the 
patient's response. Excessive dosage of NARCAN® {naloxone hydrochloride) may result in signifi- 
cant reversal of analgesia and increase in blood pressure. Similarly, too rapid reversal may 
induce nausea, vomiting, sweating or tachycardia. 


For the initial reversal of respiratory depression, NARCAN® {naloxone hydrochloride) should be 
injected in increments of 0.1 to 0.2 mg intravenously at two to three minute intervals to the 
desired degree of reversal ie., adequate ventilation and alertness without significant pain or dis- 
comfort. 

Repeat doses of NARCAN™ (naloxone hydrochloride) may be required within one to two hour inter- 
vals depending upon the amount, type (i.e., short or long acting) and time interval since last 
administration of narcotic. Supplemental intramuscular doses have been shown to produce a 
longer lasting effect, 

USAGE IN CHILDREN Narcotic Overdose —Known or Suspected The usual initial child dose is 
0.01 mg/kg body weight given LV., LM. or S.C. This dose may be repeated in accordance with the 
adult administration guideline. if necessary, NARCAN* (naloxone hydrochloride) can be diluted 
with sterile water for injection. 

USAGE IN NEONATES Narcotic-induced depression The usual initial dose is 0.01 mg/kg body 
weight administered LV., L.M. or S.C. This dose may be repeated in accordance with adult 
administration guidelines. 

HOW SUPPLIED 0.4 mg/ml of NARCAN® {naloxone hydrochloride) for intravenous, intramuscular 
and subcutaneous administration. 

Available in 1 ml ampuls in boxes of 10 and 100. 

0.02 mg/m! of NARCAN® (naloxone hydrochloride) NEONATAL INJECTION for intravenous, mtra- 
muscular and subcutaneous administration. 

Available in 2 mi ampuls in boxes of 10 and 100 ampuis. 

ANIMAL PHARMACOLOGY AND TOXICOLOGY in the mouse and rat the intravenous LDso is 150 +5 
mg/kg and 109 +4 mg/kg respectively. In acute subcutaneous toxicity studies in newborn rats 
the LDso (95% CL) is 260 (228-296) mg/kg. Subcutaneous injection of 100 mg/kg/day in rats for 
3 weeks produced only transient salivation and partial ptosis following injections; no toxic effects 
were seen at 10 mg/kg/day for 3 weeks. 

Reproductive studies including fertility, general reproductive performance, embryotoxicity, tera- 
togenicity, and lactation did not show any abnormality in mice and rats at 10 mg/kg/day. 
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Provide practical learning experience in 

your treining sessions with realistic 

Life/forn® products from Nasco. The free 
Health Care Educational Materials Catalog 
ap ou r describes exceptional selection of 


anatomical replicas and simulators. Molded 


from actual organs in lifelike vinyl, they offer 
resou rees both visual and tactile learning experiences. 
The spinal injector simulator, for example, 
—— features a clear plastic window at the top of 
i E m the model. It displays the L1 and L2 sections 
ae -y of the vertebral column, as well as other 
anatomical details. With the functional 
portion. students get the “actual feeling” for 
performing all types of spinal injections. 
Cataloc includes many other simulation 
devices, models, charts and visual media for 
all arees of medical education. Send for your 
free copy today. Write Dept. RA-804. 
Free Phone Order Service 1-800-558-9595 
In Wisconsin 1-800-242-9587 


"v Vasco 


Fort Atkinsen, WI 53538 Modesto, CA 95352 
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PHILLIPS 


LARYNGOSCOPE BLADES 
Now Two Sizes 
Adult and Pediatric 


The Phillips Blade by North American Drager combines into one blade 
many features of the Jackson-Eversole Blade and the Miller Blade. The light of the 
Phillips Blade is on the left side to afford excellent visvalization of the Larynx and 
allows room for passing a tube along the blade for difficult intubations. 


The Adult Blade has been found 
adequate for the largest adults en- 
countered; the small tip, in addition 
makes it adaptable for use in children as 
small as 2 or 3 years of age. The 
Pediatric Blade is a replica of the Adult 
Blade that has been reduced in all 
aspects of shape and size, including 
thickness of the metal. It can be used in 

AMERICAN DRAGER patients from newborn to about 4 years 
148B QUARRY ROAD, TELFORD, PA 18969 of age. 








EVERY TWO SECONDS — 
FLUOTHANE IS 


lothane, U.S.P) 









[HE WORLDWIDE CHOICE. 





er 500 million administrations throughout the world. 
ll over 125 million administrations in the 
nited States alone. 


»mewhere in the world— every two seconds— someone makes another decision 
use FLUOTHANE? (halothane, U.S.P). And for good reasons: 
. 


o FLUOTHANE has been more widely investigated than any other 
inhalation anesthetic. 











o The FLUOTHANE experience shows association with hepatotoxicity 
to be extremely rare.’ According to corzlusions drawn from the 
United States National Halothane Study and other studies,* unex- 
plained jaundice following anesthesia with halothane "...was a rare 
occurrence (approximately 1:30,000 administrations) and. . .the over- 
all safety record of the anesthetic was excellent. ”? 


o FLUOTHANE *...is nearest to the iceal [inhalation anesthetic] pres- 
ently available for children of all ages.“ 


0 FLUOTHANE has been recommerzied as the “anesthetic of choice" 
for asthmatics. 


D And, of particular benefit in geriatrzs and cardiovascular surgery: 
Excessive respiratory depression is -arely a problem with 
FLUOTHANE. Nor does it produce cn increase in salivary or 
bronchial secretions. 


* A comprehensive retrospective analysis covering 856,000 general anesthesias— neari- one-third 
using FLUOTHANE. Bunker, J.P., etal.: The National Halothane Study. Washington, D.—., 
Government Printing Office, 1969. 


References: 
l. Bunker, J.P, et al.: The National Halothane Study. See ; : 
Washington, D.C., Government Printing Office, following page for Brief Summary. 
1969. 
2. Brown, B.R., Sipes, LG.: Biochem. Pharmacol. 
26:2091-2094, 1977. 
. 3. Steward, D.J.: Anesthesiology 43:268-276 (Aug.) 


1975. ! 
4. Proceedings, Virginia Society of Anesthesiologists, Ay erst Laboratories 
April 20-22, 1979, Richmond, VA. New York, N.Y. 10017 














the most widely used inhalation 
anesthetic i in the world 







(halo 





ne, USP) 


for a wide variety of 
techniques and procedures in patients of all ages 


(Complete text of package circular.) 
Description. FLUOTHANE, brand of haio- 
thane, U.S.P, is an inhalation anesthetic. 
It is 2-bromo-2-chloro-1, 1, 1-trifluoro- 
ethane and has the following structural 
formula: 





F Br 
HA 
F C — C —— — CI 
N 
F H 


The specific gravity is 1.872-1.877 at 
20° C, and the boiling point (range) is 49° 
C-51* C at 760 mm Hg. The vapor pres- 
sure is 243 mm Hg at 20? C. The blood/ 
gas coefficient is 2.5 at 37? C, and the 
olive oil/water coefficient is 220 at 37° C. 
Vapor concentrations within anesthetic 
range are nonirritating and have a pleas- 
ant odor. FLUOTHANE is nonflammable, 
and its vapors mixed with oxygen in pro- 
portions from 0.5 to 50 per cent (v/v) are 
not explosive. 

FLUOTHANE does not decompose in 
contact with warm soda lime. When mois- 
ture is present, the vapor attacks alumi- 
num, brass, and lead, but not copper. 
Rubber, some plastics, and similar mate- 
rials are soluble in FLUDTHANE; such ma- 
terials will deteriorate rapidly in contact 
with FLUOTHANE vapor or liquid. Stability 
of FLUOTHANE is maintained by the addi- 
tion of 0.01 per cent thymol (w/w), and 
storage is in amber colored bottles. 

FLUOTHANE should not be kept indef- 
initely in vaporizer bottles not specifically 
in for its use. Thymol does not vol- 
atilize along with FLUOTHANE, and there- 
fore accumulates in the vaporizer, and 
may, in time, impart a yellow color to the 
remaining liquid-or to wicks in vaporizers. 
The development of such discoloration 
may be used as am indicatoritha#the va- 
porizer should be drained art] cleaned, 
and the discolored FLUOTHANE 
(halothane, U.S.P.) discarded. Accumula- 
tion of thymol may be removed by washing 
with diethyl ether. After cleaning a wick or 
vaporizer, make certain all the diethyl 
ether has been removed before reusing 
the equipment to avoid introducing ether 
into the system. 

Actions. FLUOTHANE is an inhalation 
anesthetic. Induction and recovery are 
rapid and depth of anesthesia can be rap- 
idly altered. FLUOTHANE progressively 
depresses respiration. There may be 


tachypnea with reduced tidal volume and 
alveolar ventilation. FLUOTHANE is not an 
irritant to the respiratory tract, and no in- 
crease in salivary or bronchial secretions 
ordinarily occurs, Pharyngeal and laryn- 
geal reflexes are rapidly obtunded. it 
causes bronchodilation. Hypoxia, acido- 
sis, or apnea may develop during deep 
anesthesia. 

FLUOTHANE reduces the blood pres- 
sure, and frequently decreases the pulse 
rate. The greater the concentration of the 
drug, the more evident these changes 
become. Atropine may reverse the bra- 
dycardia. FLUOTHANE does not cause 
the release of catecholamines from 
adrenergic stores. FLUOTHANE also 
causes dilation of the vessels of the skin 
and skeletal muscles. 

Cardiac arrhythmias may occur during 
FLUOTHANE anesthesia. These include 
nodal rhythm, AV dissociation, ventricular 
extrasystoles and asystole. FLUOTHANE 
sensitizes the myocardial conduction sys- 
tem to the action of epinephrine and 
norepinephrine, and the combination may 
cause serious cardiac arrhythmias. 
FLUOTHANE increases cerebral spinal 
fluid pressure. FLUOTHANE produces 
moderate muscular relaxation. Muscle re- 
laxants are used as adjuncts in order to 
maintain lighter levels of anesthesia. 
FLUOTHANE augments the action of non- 
depolarizing relaxants and ganglionic 
blocking agents. FLUOTHANE is a potent 
uterine relaxant. 

Indications. FLUOTHANE (halothane, 
U.S.P) is indicated for the induction and 
maintenance of general anesthesia. 
Contraindications. FLUOTHANE is not 
recommended for obstetrical anesthesia 
except when uterine relaxation is required. 
Warnings. When previous exposure to 
FLUOTHANE was followed by unexplained 
jaundice, consideration should be given to 
the use of other agents. 

FLUOTHANE should be used in vapor- 
izers that permit a reasonable approxima- 
tion of output, and preferably of the cali- 
brated type. The vaporizer should be 
placed out of circuit in closed circuit re- 
breathing systems; otherwise overdosage 
is difficult to avoid. The patient should be 
closely observed for signs of overdosage, 
i.e., depression of blood pressure, pulse 
rate, and ventilation, particularly during 
assisted or controlled ventilation. 





Usage in Pregnancy. Safe use of 
FLUOTHANE has not been established 
with respect to possible adverse effects 
upon fetal development. Therefore, 
FLUOTHANE should not be used in 
women where pregnancy is possible and 
particularly during early pregnancy, un- 
less, in the judgment of the physician, the 
potential benefits outweigh the unknown 
hazards to the fetus. 

Precautions. The uterine relaxation ob- 
tained with FLUOTHANE, unless carefully 
controlled, may fail to respond to ergot de- 
rivatives and oxytocic posterior pituitary 
extract. 

FLUOTHANE increases cerebrospinal 
fluid pressure. Therefore, in patients with 
markedly raised intracranial pressure, if 
FLUOTHANE is indicated, administration 
should be preceded by measures ordinari- 
ly used to reduce cerebrospinal fluid pres- 
sure. Ventilation should be carefully as- 
sessed, and it may be necessary to assist 
or control ventilation to insure adequate 
oxygenation and carbon dioxide removal. 

Epinephrine or norepinephrine should 
be employed cautiously, if at all, during 
FLUOTHANE (halothane, U.S.P) anesthe- 
sia since their simultaneous use may in- 
duce ventricular tachycardia or fibrillation. 

Nondepolarizing relaxants and gangli- 
onic blocking agents should be adminis- 
tered cautiously since their actions are 
augmented by FLUOTHANE. 

Adverse Reactions. The following adverse 
reactions have been reported: mild, mod- 
erate and severe hepatic dysfunction 
(including hepatic necrosis), cardiac ar- 
rest, hypotension, respiratory arrest, 
cardiac arrhythmias, hyperpyrexia, shiver- 
ing, nausea, and emesis. 

Dosage and Administration. FLUOTHANE 
may be administered by the nonrebreath- 
ing technic, partial rebreathing, or closed 
technic. The induction dose varies from 
patient to patient. The maintenance dose 
varies from 0.5 per cent to 1.5 per cent. 

FLUOTHANE may be administered with 
either oxygen or a mixture of oxygen and 
nitrous oxide. 

How Supplied. No. 3125— Unit packages 
of 125 mi and 250 ml of halothane, U.S.P 
stabilized with 0.01% thymol (w/w). 


| Ayerst | Ayerst Laboratories 
*| New York, N.Y. 10017 
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T Ohio founded in 1922 “To Foster Progress and Research in Anesthesia.” To this end it performs two function 


= national anesthesia organizations. 

















LA.R.S. MEMBERSEI 


For Your In-training and Continuing Medical Ed ucation 






2 : The International Anesthesia Research Society is a non-profit, scientific and educational co poration of the S is 
Publication of ^ monthly journal, ANESTHESIA and ANALGESIA; and (2) Sponsorship of. annual: scientific o: 
“Congress” meetings which meet the criteria for Category 1 credit toware the AMA Physicians Recognition Award. 


E "Membership in the IARS is voluntary; it is also separate and distinct from membership in any other local, state or 


MEMBERSHIP - ASSOCIATE MEMBERSHIP p 


: MEMBERSHIP is open to individuals with doctorate degrees, licensed to »ractice in the medical, dental, osteopathic or. E 
< veterinary medicine professions (ie, MD, MB, DDS, DMD, DO, DMYV); and to individuals with doctorate degrees | 
(Ph.D) in any scientific discipline, engaged in academic, private or commercial research. | | A 


ASSOCIATE MEMBERSHIP is open to individuals in the allied health pmofessions, duly certified by their professional 
| accrediting organization as nurse anesthetists (CRNA), respiratory therap-sts (RRT), or respiratory technicians (CR D 
— . and individuals completing accredited training programs as physician assistants-anesthesia, physician associates in. 
anesthesiology, or as anesthesiologist’s assistants. | E. € 





DUES are $30 per year for U.S. Members and Associate Members, ($3: for all others) and include a subscription to- XA : 
ANESTHESIA and ANALGESIA. Members are also entitled to reduced registration fee at IARS annual scientific. 
meetings. 1 | LONG RA 


EDUCATIONAL MEMBERSHIP 


EDUCATIONAL MEMBERSHIP is open to residents and fellows (interns. enrolled in anesthesiology training programs; f 
. . registered nurses enrolled in nurse anesthesia schools; students enrGled in programs leading to certification as — =o 
physician (anesthesiologist) assistants (associates); or students enrolled n respiratory therapist or technician training 
programs. ore 


The official Education Membership blank must be certified by the applicant's training program director. 


"DUES are $30 for a two-year period, or $45 for a three-year period, anc include a subscription to ANESTHESIA and 

















© ANALGESIA for a corresponding period. Educational Members are ertitled to complimentary registration at IARS 


annual scientific meetings. 


Application forms for Membership are available upon request to the Cleveland business office per application form 
below. DEC 


VEMM NE M ILE LE ILLI MEM MICI ACE PME 


ELLE LUI MDC LC TZ ITE EA EM 


International Anesthesia Research Society 
3645 Warrensville Center Rd. 
Cleveland, Ohio 44122, U.S.A. 


Please send me application for: (___) Membership 
(____) Associate Membership 
(——) Educational Membership 


(——. Please send _______. Educational Membership applications fo: 





—X nr STRA RM iari En iem iin iia aene dere eara ren ini rerio a i i a aaa ete e gS sea e 


(Address) 


ee I AMT m e a e M t i m e E OP tet Ws, Pigs 
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“More protection 


THOICOINE hydrochloride 


brand of = 


bupivacaine hydrochloride 


with or without epinephrine 1.206.000 





Indications: Peripheral nerve block, infiltration, sym- 
pathetic block, caudal, or epidural block. 


Contraindication: Marcaine is contraindicated in 
patients with known hypersensitivity to it. 


Warnings: RESUSCITATIVE EQUIPMENT AND 
DRUGS SHOULD BE READILY AVAILABLE WHEN 
ANY LOCAL ANESTHETIC IS USED. 


Usage in Pregnancy. Reproduction studies have been 
performed in rats and rabbits and there is no evidence 
of harm to the animal fetus. The relevance to the 
human is not known. Safe use in pregnant women 
other than those in labor has not been established. 


Until further clinical experience is gained, paracervical 
block with Marcaine is not recommended. Fetal brady- 
cardia frequently follows paracervical block with some 
amide-type local anesthetics and may be associated 
with fetal acidosis. Added risk appears to be present 
in prematurity, toxemia of pregnancy, and fetal distress. 


The obstetrician is warned that severe persistent hy- 
pertension may occur after administration of certain 
oxytocic drugs, if vasopressors have already been 
used during labor (e.g., in the local anesthetic solution 
or to correct hypotension). 


Solutions containing a vasoconstrictor, particularly 
epinephrine or norepinephrine, should be used with 
extreme caution in patients receiving monoamine oxi- 
dase (MAO) inhibitors or antidepressants of the 
triptyline or imipramine types, because severe, pro- 
longed hypertension may result. 


Local anesthetics which contain preservatives, i.e. 
those supplied in multiple dose vials, should not be 
used for caudal or epidural anesthesia. 


Until further experience is gained in children younger 
than 12 years, administration of Marcaine in this age 
group is not recommended. 


Precautions: The safety and effectiveness of local 
anesthetics depend upon proper dosage, correct tech- 
nique, adequate precautions, and readiness for 
emergencies. 


The lowest dosage that gives effective anesthesia 
should be used in order to avoid high plasma levels 
and serious systemic side effects. Injection of re- 
peated doses of Marcaine may cause significant in- 
crease in blood levels with each additional dose, due 
to accumulation of the drug or its metabolites or due 
to slow metabolic degradation. Tolerance varies with 
the status of the patient. Debilitated, elderly patients 
and acutely ill patients should be given reduced doses 
commensurate with age and physical condition. 


Solutions containing a vasoconstrictor should be used 
cautiously in areas with limited blood supply, in the 
presence of diseases that may adversely affect the 
patient's cardiovascular system, or in patients with 
peripheral vascular disease. 

Marcaine should be used cautiously in persons with 
known drug allergies Or sensitivities, particularly to 
the amide-type local anesthetics. 

Serious dose-related cardiac arrhythmias may occur 
if preparations containing a vasoconstrictor such as 
epinephrine are employed in patients during or follow- 
ing the administration of chloroform, halothane, cyclo- 
propane, trichloroethylene, or other related agents. in 


PRODUCT IDENTIFICATION 
Marcaine HCI 


bupivacaine HC!) 


96 mg./mi. Dilution mg/ml mg/ml  mi/mi.  mg./ml 
0.25 25 ~ m 
0.25 25 1:200,000 i ; 2 
0.5 50 a ES 
05 50 1:200,000 2 
0.75 7 a 
0.75 75 1:200,000 Not Available in Vials 


MULTIPLE DOSE VIAL 


Epinephrine" | Methy! Sodium Thio- Ascorbic 
(brand of (as bitartrate) | paraben Bisulfite glycerol Acid 





deciding whether to use these products concurrently 
inthe same patient, the combined action of both agents 
upon the myocardium, the concentration and volume 
of vasoconstrictor used, and the time since injection, 
when applicable, should be taken into account. 


Caution is advised in administration of repeat doses 
of Marcaine to patients with severe liver disease. 


Adverse Reactions: Reactions to Marcaine are char- 
acteristic of those associated with other amide-type 
local anesthetics. A major cause of adverse reactions 
to this group of drugs is excessive plasma levels, 
which may be due to overdosage, inadvertent intra- 
vascular injection, or slow metabolic degradation. 
Excessive plasma levels of the amide-type local anes- 
thetics cause systemic reactions involving the central 
nervous system and the cardiovascular system. The 
central nervous system effects are characterized by 
excitation or depression. The first manifestation may 
be nervousness, dizziness, blurred vision, or tremors, 
followed by drowsiness, convulsions, unconscious- 
ness, and possibly respiratory arrest. Since excitement 
may be transient or absent, the first manifestation may 
be drowsiness, sometimes merging into unconscious- 
ness and respiratory arrest. Other central nervous 
system effects may be nausea, vomiting, chills, con- 
striction of the pupils, or tinnitus. The cardiovascular 
manifestations of excessive plasma levels may include 
depression of the myocardium, blood pressure 
changes (usually hypotension), and cardiac arrest. in 
Obstetrics, cases of fetal bradycardia have occurred 
(see Warnings). 


Allergic reactions, which may be due to hypersensi- 
tivity, idiosyncrasy, or diminished tolerance, are char- 
acterized by cutaneous lesions (e.g., urticaria), edema, 
and other manifestations of allergy. Detection of sen- 
sitivity by skin testing is of doubtful value. 


Reactions following epidural or caudal anesthesia 
also may include: high or total spinal block; urinary 
retention; fecal incontinence; loss of perineal sen- 
sation and sexual function; persistent analgesia, 
paresthesia, and paralysis of the lower extremities; 
headache and backache; and slowing of labor and 
increased incidence of forceps delivery. 


Treatment of Reactions. Toxic effects of local anes- 
thetics require symptomatic treatment; there is no 
specific cure. The physician should be prepared to 
maintain an airway and to support ventilation with 
oxygen and assisted or controlled respiration as re- 
quired. Supportive treatment of the cardiovascular 
system includes intravenous fluids and, when appro- 
priate, vasopressors (preferably those that stimulate 
the myocardium). Convulsions may be controlled with 
oxygen and intravenous administration, in small incre- 
ments, of a barbiturate, as follows: preferably, an 
ultrashort-acting barbiturate such as thiopental or thi- 
amylal: if this is not available, a short-acting barbiturate 
(e.g., secobarbital or pentobarbital) or diazepam. intra- 
venous barbiturates or anticonvulsant agents should 
only be administered by those familiar with their use. 


Refterences: 


1. Ostheimer GW: Obstetrics and local anesthetics: Impli- 
cations for the fetus and newborn. Anesthesiology 
Review 4:17-23, June 1977. 

2 Scanlon JW: Obstetric anesthesia as a neonatal risk 
factor in norma! labor and delivery. Clinics in Perina- 
tology 1:465-482. 1974. 


3. Scanlon JW, Ostheimer GW, Brown WV, et al: Neuro- 
behavioral responses of newborns after maternal epi- 
dural anesthesia with bupivacaine. Abstracts Annual 
Meeting, Soc. Obstet. Anesth. and Perinat., 1974. 


-BREON BREON LABORATORIES INC. 
90 Park Avenue, New York, N.Y. 10016 


FORMULA 
SINGLE DOSE AMPUL 


6096 Edetate | Sodium — Thio- Ascorbic 6096 Edetate 
Sodium Calcium | Bisulfite glycerol — Acid Sodium Calcium 


Lactate Disodium Lactate Disodium 
mi./ mi mg/mi  mi/mi  mg/mi mi/mt. mg./mi. 
0017 5 001 2 0017 01 
0017 5 001 2 0017 01 

9 001 2 0017 01 


Note: The pH of these solutions is adjusted with sodium hydroxide or hydrochloric acid. Sodium chloride has been added to make each solution isotonic. 





*Sotutions of Marcaine that contain epine hrine should not be autoclaved. Federal law prohibits dispensing without a prescription. 





. _See below for important product information concerning warnings, adverse reactions, patient selection and prescribing and precautionary recommendations. — URSUS 











More protection 
for the newborn 


A drug of choice for epidural 
anesthesia that results in 


E decreased placental transfer’ 


WE fewer neurobehavioral changes 
than lidocaine or mepivacaine?» 


MACIINE hydrochloride 


brand of 


bupivacaine hydrochloride 


with or without epinephrine €200,000 
See adjacent page for prescribing information. Not recemmended for paracervical block. 
Model € by Hubbard Scientific Co. Northbrook, III 








North American Drager is continually 
keeping in touch with the growing needs of 
the anesthesia profession. We are 
constantly improving our products for 
patient safety, our prime engineering and 
design criterion. These new products join 
the ever growing range of North American 
Drager Products of Anesthesia. 


4 
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from 
NORTH AMERICAN DRAGER 


) 


NARKOMED 2 ANESTHESIA SYSTEM 
The newest member of the North American Drager family of 


Anesthesia Systems. 


A complete anesthesia system consisting of an anesthesia 
dispensing system, ventilation system, patient monitoring 
system and a unique patient safety alarm system. 


NORTH 
1488 QUARRY ROAD 


AMERICAN DRAGER 


TELFORD, PENNSYLVANIA 18969 


(24) 













DPM2 
(DRAGER PRESSURE MONITOR II) 


Our second generation of pressure 
monitors. à 

Four pressure monitors— minimum 
ventilation pressure, continuing 
pressure, high pressure and sub 
atmosphere pressure. 


VAPORIZER 
EXCLUSION 
SYSTEM 


A unique lock out 

system for insuring 
that only one vaporizer 
can be switched on at a time. 





PHILLIPS 


» Es rs 
a ~ LARYNGOSCOPE 
Cox, BLADE 
Combines the features of the Miller Blade 
and the Jackson-Eversole Blade. Now in 
Two Sizes—Adult and Pediatric. 


NORTH [or AMERICAN DRAGER 


1488 QUARRYROAD * TELFORD, PENNSYLVANIA 18969 


O Piease send Anesthesia Accessories catalog 
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EDITORIALS 


The Rate-Pressure Product in 
Clinical Anesthesia: Boon or Bane? 


NESTHESIOLOGISTS have unparalleled access 
to the cardiovascular system. Extensive hemo- 
dynamic evaluation can be made by using information 
obtainec with intra-arterial and Swan-Ganz cathe- 
ters.’ However, despite this degree of sophistication, 
we still do not have a direct measurement of myocar- 
dial oxygen homeostasis. The development of thera- 
peutic strategies to ensure a favorable balance be- 
tween myocardial oxygen delivery and myocardial 
oxygen consumption is mandatory for patients with 
coronarv artery disease undergoing anesthesia and 
surgery. In patients with restricted coronary blood 
flow, management should be directed at matching 
myocardial oxygen consumption to the limited oxy- 
gen supply. However, routine measurement of my- 
ocardial oxygen consumption (MVo,) is not feasible 
for general clinical application. Therefore, the clini- 
cian must rely on various indirect indices of MVo, to 
aid in patient management. 

Historically, several hemodynamic correlates have 
been proposed as indices of MVo,. Myocardial oxy- 
gen consumption has been correlated with the prod- 
ucts of: (1) heart rate and pulse pressure; (2) heart rate 
and mean aortic pressure; (3) systolic ejection period 
and the mean systolic pressure; and (4) heart rate and 
the peak systolic pressure.^? The latter has been 
termed the rate-pressure product (RPD). Common to 
all these formulae is the use of a pressure measure- 
ment to estimate left ventricular (LV) wall tension (LV 
wall tension = LV radius X LV peak systolic pressure/ 
wall thickness), a major determinant of MVo,. 

Investigators employing both direct and indirect 
methods for assessment of the heart’s oxygen con- 
sumption have focused on six determinants of 
MVo,. The Table lists the three major and three minor 
determinants and their relative contribution to 
MvVo,.”” One should consider these factors carefully 
when extrapolating data in awake patients to the 


supine anesthetized patient. In exercise studies per- 
formed in the erect position, cardiac output and 
MVo, are increased by increasing stroke volume.® 
However, if exercise-induced stress is performed in 
the supine position, cardiac output is elevated mainly 
by zn increase in heart rate rather than stroke volume. 
Further, changes in the contractile state of the heart, 
as seen witn anesthetics, can greatly alter MVo, with- 
out changes in heart rate or blood pressure.? Based 
upon these complex interactions, how can we estimate 
changes in MVo, in the supine anesthetized patient? 
In this issue Wilkinson and co-workers have 
posed a significant clinical question: Is the rate-pres- 
sure product a valid hemodynamic correlate of 
MVo, in amesthetized patients? They have attempted 
to answer -his question using an anesthetized canine 
model in which systemic arterial pressure was manip- 
ulated phermacologically. MVo, was calculated by 
multiplying left anterior descending (LAD) coronary 
artery flow by the arterial-coronary sinus oxygen 
content dilference. They report a good correlation (r 
= 0.84) be-ween MVo, and the rate-pressure product 
in cogs anesthetized with a combination of halothane 
and morpLine sulfate. However, these results must be 
interpretec with care due to methodologic limitations 
inherent im both the flow measurements and blood 
sampling techniques. LAD flow was used to estimate 
total cororary flow. The assumption is made that the 
portion of total coronary flow which traverses the 
LAD rema.ns constant despite changing arterial pres- 
sure and haart rate. Furthermore, measuring coronary 
sinus oxygen content as a reflection of LAD venous 
drainage may introduce another source of error. The 
coronary sinus drains approximately 8396 of the LV 
free wall and septum. However, the changes in blood 
pressure tnat occurred during the study could also 
alter the percentage of total LAD coronary flow which 
drains directly into the coronary sinus.’” Despite 
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TABLE 
Determinants of Myocardial Oxygen Consumption (MVo,) 


Normally Beating Heart Contribution 


to MVo, 
% 
Major 
1. Myocardial tension development 30-40 
2. Heart rate — * 
3. Contractile state 10-15 
Minor 
4. External work 10-15 
5. Basal metabolism 25 
6. Electrical/cherical activity «1 


* Determines cumulative active energy expenditure per min- 
ute. 


these considerations, it is interesting to note that the 
correlation coefficient between RPP and MVo, in the 
halothane-morphine anesthetized animals is similar 
to that reported for awake volunteers. On the other 
hand, in halothane-anesthetized man, Sonntag and 
co-workers'* recently reported a poor correlation be- 
tween RPP and MVo,,. 

Even if the rate-pressure product is accepted as an 
index of MVo, for the anesthetized patient, the clinical 
use of RPP is still beset with problems. In patients 
with cardiac disease undergoing anesthesia the abso- 
lute level of MVc, is not nearly so important as the 
balance between myocardial oxygen supply and de- 
mand. Implicit in the clinical application of RPP is a 
numerical value likely to be associated with myocar- 
dial ischemia. In critically examining the RPP as a 
possible index of myocardial oxygen balance, we must 
consider the differing effects of alterations in systolic 
blood pressure and pulse rate upon myocardial oxy- 
genation. For example, an increase in systolic blood 
pressure may cause an increase in MVo,. However, it 
may also concomitantly improve myocardial oxygen- 
ation by increasing coronary perfusion pressure. For 
a given patient, the predominant effect is difficult to 
predict a priori. In contrast, increasing heart rate is 
unlikely to improve myocardial oxygen balance since 
it presents a dual threat: increasing heart rate increases 
MVo, and magnifies the problem by decreasing dia- 
stolic duration, thereby impinging upon the time 
available for coronary perfusion. The effect of an 
increase in pulse rate upon the total diastolic time is 
striking. Recently Boudoulas et al? reported that an 
increase in heart rate from 50 to 75 beats per minute 
decreases total diastolic time by 5096. Not only is 
diastolic duration decreased but the relative duration 
of systole is increased.’ Therefore, increasing heart 
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rate simultaneously increases myocardial oxygen de- 
mand and decreases supply. 

Anesthesiologists have attempted to establish max- 
imum safe values for the RPP during anesthesia. An 
intraoperative study of anesthetized patients with cor- 
onary artery disease revealed that all patients whose 
RPP was greater than 12,000 developed ischemic elec- 
trocardiographic changes.” Subsequent to that report, 
a maximum RPP of 12,000 mm Hg X beats per minute 
has been often quoted as the level at which ischemia 
is likely to develop in patients with coronary artery 
disease. However, the authors emphasized that pa- 
tients in the ischemic group had significantly higher 
heart rates than patients in the nonischemic group. 
This leaves us with the question: Did myocardial 
ischemia develop because the rate-pressure product 
was higher or because the pulse rate was significantly 
increased? 

The rate-pressure product is indeed a product of 
two variables with differing effects. Thus, it is worth- 
while to consider common values of pulse rate and 
systolic blood pressure and their effects upon RPP. 
For example, patient A with coronary artery disease 
can develop a RPP value of 12,000 if the heart rate 
(HR) is 75 beats per minute and the systolic arterial 
blood pressure (SBP) is 160 mm Hg. In this case the 
systolic arterial pressure (160) is likely to be associated 
with a high mean arterial perfusion pressure. The 
heart rate of 75 beats per minute allows approximately 
410 msec for diastolic coronary flow. But a RPP of 
12,000 in patient B can also result from a systolic 
blood pressure of 120 mm Hg and a heart rate of 100 
beats per minute which allows only 280 msec for 
diastolic coronary flow. Do the numerically equal 
rate-pressure products represent equivalent clinical 
situations? Clearly not. 

Similarly, does a decrease in RPP necessarily indi- 
cate improvement in myocardial oxygenation? Con- 
sider a patient with left main coronary artery disease 
who comes to the operating room with a RPP of 
12,240 (HR = 90 beats per minute, SBP = 136 mm 
Hg). Following induction, systolic arterial pressure 
decreases to 80 mm Hg and the patient develops a 
tachycardia of 100 beats per minute. Now the RPP 
has decreased to 8,000. But, is myocardial oxygen 
balance really better? 

Obviously, problems in interpretation of RPP exist 
and place limitations upon the measurement as an 
index of myocardial ischemia. As if this were not 
enough, technical considerations add further limita- 
tion. How should the arterial blood pressure meas- 
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urements be made? Central systolic aortic pressure 
differs from radial artery pressure and both can differ 
from brachial artery pressure obtained by ausculta- 
tion. Therefore, is a "cuff" RPP done preoperatively 
equivalent to an RPP calculated during anesthesia 
using a radial artery systolic pressure? Furthermore, 
direct arterial manometry from a radial artery can 
result in "systolic-overshoot" caused by resonance 
within the recording system. This overestimates the 
systolic arterial pressure and falsely elevates the RPP 
and can introduce yet another error. 

As with many measurements in clinical medicine 
RPP has significant limitations. It may have a place in 
detecting trends in MVo, during anesthesia. But as 
Kissin et al? have also emphasized, RPP may be a 
misleading predictor of intraoperative myocardial is- 
chemic injury. The clinician who uses the RPP must 
be continuously aware of these limitations and should 
always consider the separate effects of pulse rate and 
systolic arterial pressure upon myocardial oxygena- 
tion. 


Paul G. Barash, MD 
Associate Professor of Anesthesiology 


Charles J. Kopriva, MD 

Associate Professor of Anesthesiology 
Yale University School of Medicine 
333 Cedar Street 

New Haven, Connecticut 06510 
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Anesthesia Foundation Book Award | 


N March 10. 1980, a singular event, the first of 

its kind in the annals of the history of anesthe- 

sia, took place in Reno, Nevada, during the 54th 

Congress of the International Anesthesia Research 

Society. On this date the Anesthesia Foundation made 

its previously announced award! for the the best book 

in anesthesiology published by an American author 

in the years 1978 and 1979. The award included a 
check for $5,000. 

The anesthesia community owes a vote of thanks 
to the Anesthesia Foundation for its vision in making 
possible such a munificent award. The strength of 
any discipline can be judged by the quality of its 


publications. The richness and excellence of books - 


published today by and for anesthesiologists deserve 
public recognition. What better way than public pres- 
entation of such a prestigious award? 

The Anesthesia Foundation further deserves our 
congratulations for singling out for such distinction a 
clearly outstanding monograph written by a clearly 
deserving author. The recipient of the award was Dr. 
Raymond Fink, Professor of Anesthesiology at the 
University of Washington. The book which occa- 
sioned the award was his monograph, Laryngeal Bio- 
mechanics, co-authored by Robert Demarest, head of 
the Department of Medical Illustration at Columbia 
University, College of Physicians and Surgeons. Pub- 
lished by the Harvard University Press in 1978, the 
book is at once scholarly, thorough, innovative, beau- 
tifully written, and beautifully illustrated. Laryngeal 
Biomechanics represents the definitive exposition of 
the intracacies of how and why the larynx functions 
as it does. À seminal contribution, it has received well 
deserved kudos from anesthesiologists and nonanes- 
thesiologists alike. As one reviewer, a particularly 
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critical one, put it, the book "clarifies laryngeal bio- 
mechanics better than any other work available"? 
The book is also, as a not inconsiderable fringe ben- 
efit, a tribute to the art of medical publishing at its 
best. Few indeed are books in biomedical fields which 
are so tastefully and attractively designed and printed. 
What makes the award even more appropriate is 
the recipient himself. Laryngeal Biomechanics repre- 
sents the culmination of decades of study and research 
by Dr. Fink. Indeed, he has today become one of the 
world's authorities on the comparative and clinical 
anatomy and function of the larynx. This alone would 
amply justify such an award. But Dr. Fink's contri- 
butions to science in general and to anesthesia in 
particular have not been limited to the larynx. A 
Renaissance man in anesthesia if ever there was one, 
Dr. Fink's interests and contributions over the last 30 
years have covered an astonishing array of diverse 
fields in anesthesia. Cellular biochemical responses to 
anesthetics, axonal transport mechanisms, teratogen- 
icity of anesthetics, these are but some of the areas 
which have engaged Dr. Fink's attention. In each of 
them he has made equally outstanding contributions 
to our understanding of where, how, and why anes- 
thetics act as they do. It is a pleasure indeed to see 
such an original thinker, such a perceptive student of 
anesthesia, receive an award so richly deserved. 


Nicholas M. Greene, MD 
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Correlates of Myocardial Oxygen 
Consumption when Afterload 
Changes during Halothane 


Anesthesia in Dogs 
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WILKINSON, P. L., TYBERG, J. V., MOYERS, J. R., AND WHITE, A. E.: Corralates of myocardial 
oxygen consumption when afterload changes during halothane anesthesia in dogs. Anesth 


Analg 59:233-239, 1980. 


We have examined whether several clinically measurable correlates of myocardial oxygen 
consumption remain valid correlates when afterload changes during mcrphine or halothane 
plus morphine anesthesia. The correlates measured were heart rate, systolic blood pressure, 
left ventricular end diastolic pressure (LVEDP), and rate-pressure prodi ct (RPP). In six dogs 
we measured myocardial oxygen consumption (mVo,) and hemcdynamicz variables during 
morphine (4 mg/kg) and during morphine-halothane (1.5% end tidal concentration) anesthe- 
sia. We changed ventricular afterload by infusion of nitroprusside or phanylephrine and meas- 
ured mVo, as the product of left anterior descending coronary artery flcw and arterial-coro- 
nary sinus oxygen content difference. RPP was the best correlate ofm\o, during both 
morphine-halothane (R = 0.84) and morphine anesthesia (R = 2.71). Systolic pressure and 
LVEDP also significantly correlated with mVo, during both anesthetic states. The slope of the 
line relating RPP and mVo, was significantly (p < 0.05) depressed durirg added halothane 
anesthesia. This slope depression (0.016 vs 0.021) is of little practical consequence within 
the physiologic range of RPP. Regression analysis showed that systolic pressure and heart 
rate alone account for the major part of changes in mVo, during morphine-halothane anesthe- 
sia under the conditions of this experiment. After allowing for changes r1 LVEDP associated 
with systemic pressure, LVEDP still had significant effects on mVo, durtig morphine anesthe- 
sia, but not during morphine-halothane anesthesia. We conclude that R°P is the best correlate 
of mVo, under morphine-halothane anesthesia over a wide range of veriricular afterload 


states. 


Key Words: ANESTHETICS, Volatile: halothane; ANESTHETICS, Intraeenous: morphine; HEART: oxygen consump- 


tion. 


SSESSMENT of myocardial oxygen demand 
(mVo,) during anesthesia and surgery is critical 
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in patients with ischemic heart disease, cardiac failure, 
and anema. 

The maior determinants of mVo, are ventricular 
wall tensicn, ventricular contractile performance, and 
heart rate’ Of these determinants, contractile per- 
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MYOCARDIAL OXYGEN CONSUMPTION 


formance and wall tension are contributors of similar 
magnitude.” Wall tension is related to ventricular 
volume and intracavitary pressure by the law of La- 
place; hence peak ventricular or peak systemic pres- 
sure correlate with wall tension in the absence of 
ventricular volume changes. 

Although Rhode showed in 1912? that mVo, varied 
directly with the product of mean systolic pressure 
and heart rate, the product of heart rate and peak 
systolic pressure (RPP) has been most studied since 
that time. It is well correlated with mVo, in animals' 
and in awake, exercising man.? However, the relation- 
ship between RPP and mVo, during anesthesia has 
not been well described. 

The hemodynamic effects of upright exercise in 
man are different from those seen during anesthesia. 
Exercise characteristically reduces ventricular vol- 
ume,? slightly increases myocardial contractile per- 
formance, greatly increases heart rate, and slightly 
increases systolic blood pressure.’ In contrast, halo- 
thane and other volatile anesthetic agents greatly de- 
crease myocardial contractile performance," increase 
ventricular volume,® decrease heart rate at any given 
blood pressure," and decrease systolic blood pressure. 
Under these conditions, the relationship between RPP 
and mVo, may be altered, since RPP does not directly 
incorporate measurements of ventricular volume or 
contractile performance. 

In an attempt to determine correlates of mVo, dur- 
ing anesthesia, we have examined the relationship 
between mVo, anc several of its clinically measurable 
correlates in dogs during basal morphine anesthesia 
(4 mg/kg) and following the addition of halothane 
(1.5% end tidal concentrations). We changedmVo, by 
varying ventricular afterload during anesthetic states. 


Methods 


In six mongrel dogs whose weights ranged between 
22-32 kg we induced anesthesia with sodium thio- 
pental (10 mg/kg IV) followed by morphine sulfate 
in 10-mg incremental doses to 4 mg/kg. At half-hour 
intervals we supplemented this dose with 0.1 mg/kg 
IV. We administered succinylcholine (2 mg/ml) by 
intravenous infusion throughout the experiment at a 
rate just sufficient to prevent spontaneous ventilation. 
An endotracheal tube was inserted and the animals 
were ventilated throughout the experiment using a 
Harvard animal respirator. Oxygen (100%) was ad- 
ministered except when halothane was added. Blood 
gas tensions were measured frequently and ventila- 
tion adjusted to maintain arterial Paco, between 35 to 
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45 torr; Pao, was greater than 100 torr throughout the 
experiments. If a base deficit greater than 5 meq/L 
occurred we administered sodium bicarbonate until 
the deficit was less than 5. 

The following instrumentation was used in all dogs. 
We attached standard electrocardiographic limb 
leads. Through a femoral artery cutdown we inserted 
a catheter and measured central aortic pressure 
(P23Db, Statham Instruments, Oxnard, CA). We 
measured left ventricular pressure using a catheter- 
tip transducer (Millar Instruments Inc, Houston, TX) 
inserted via a carotid artery cutdown. Through a left 
thoracotomy incision, we attached a calibrated flow 
probe (Carolina Medical Electronics, King, NC) 
around the proximal left anterior descending coronary 
artery. We inserted a catheter approximately 2.5 cm 
beyond the coronary sinus ostia and into the great 
cardiac vein. Data obtained throughout the experi- 
ment were photographically recorded (model 1858, 
Honeywell Inc, Denver, CO) at 100 mm/sec at se- 
lected times. 

The catheter tip transducer was calibrated for gain 
against a mercury manometer in air before insertion 
and zero was adjusted after insertion so that measured 
pressure was the same as that obtained from another 
calibrated transducer attached to the reference lumen 
of the catheter. Zero coronary flow was calibrated by 
manual occlusion of the coronary artery immediately 
beyond the probe. 

Following instrumentation, we induced changes in 
left ventricular afterload by nitroprusside infusion 
(0.1 mg/ml) and phenylephrine infusion (0.02 mg/ 
ml). Systemic pressure was varied over a mean pres- 
sure range of 40-160 torr. The infusion rates were 
adjusted after each measurement to obtain a 20 torr 
change in systolic pressure. When the animals had 
remained hemodynamically stable for 5 minutes at a 
given pressure we recorded data and took aortic and 
coronary sinus blood samples to measure blood gas 
tensions and oxygen content. We repeated this se- 
quence for five or six determinations over the full 
pressure range. 

We randomly varied the sequence of halothane 
administration to minimize time-related hemody- 
namic changes. In three dogs we administered halo- 
thane in measured 1.5% end tidal concentration fol- 
lowing anesthetic induction and morphine adminis- 
tration, and performed the protocol. In these three 
animals we then made measurements during mor- 
phine anesthesia after turning off the halothane and 
waiting until end tidal halothane concentrations were 
less than 0.05%. This waiting period was never less 
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than 1 hour in duration. In the remaining dogs, we 
made measurements during morphine anesthesia 
first, and took halothane measurements after 1.5% 
end tidal concentrations were achieved and remained 
stable for 30 minutes. 

End tidal gas samples for halothane determinations 
were obtained from an endotracheal catheter. Halo- 
thane concentrations were measured with a UV hal- 
othane meter (Cavitron) calibrated daily using a gas 
containing a known halothane concentration. Blood 
gas tensions were measured (Radiometer model BGM 
2) and the instrument was calibrated before every 
measurement. Blood oxygen saturation and blood 
hemoglobin content were determined using a hemox- 
imeter (Radiometer OSM2) calibrated daily; blood 
oxygen content was determined using a modified 
Klingenmeier method.” 

We measured systolic arterial blood pressure, heart 
rate, left ventricular end diastolic pressure, the pree- 
jection period, left ventricular ejection time, left an- 
terior descending coronary artery flow, and arterial 
and coronary sinus oxygen contents. The preejection 
period (PEP) was the average of six successive meas- 
ured intervals from the beginning of the ORS complex 
to the beginning of systole on the central aortic pres- 
sure tracing. Left ventricular ejection time (LVET) was 
the sirnilarly averaged duration of ejection measured 
from the central aortic tracing of the same beats. 

The product of left anterior descending (LAD) cor- 
onary arterial flow and the aortic-coronary sinus ox- 
ygen content difference was used to represent mVo,, 
thus assuming that coronary sinus oxygen content 
was representative of venous outflow from the region 
supplied by the LAD beyond the flow probe. Oxygen 
consumption measured in this manner is less than 
total mVo, since it neglects myocardium receiving 
right coronary and left circumflex coronary flow. 
However, this measured parameter is proportional to 
total mVo, in the absence of coronary vascular disease. 
In addition, the LAD coronary artery supplies a large 
portion of the left ventricle,’ the ventricle of interest 
in the present study. 

Statistical analysis of the derived data was con- 
ducted using heirarchical multiple regression.” In this 
form of regression one fits by linear least squares 
analysis a regression equation to the data, obtaining 
the equation constants, a multiple correlation coeffi- 
cient (R), and a coefficient of determination (R^). The 
latter is the proportion of total variance shared by the 
dependent variable (mVo,) and the optimally 
weighted independent variables (systolic blood pres- 
sure, heart rate, left ventricular end diastolic pressure, 


and the ritio [PEP/LVET]). Optimal weights are de- 
termined by the least squares regression. This form 
of regression is done repeatedly using first one, then 
two, then three, then four independent variables and 
obtaining R? for each regression. The increase in R* 
that occu:s when two variables are regressed instead 
of one indicates how much that second variable has 
added to -he first in explaining the variance of mVo,. 
Similarly, the addition of each successive variable 
may acccunt for more variance, and the increase in 
R* that occurs is a measure of this. Using this form of 
ar.alysis, >ne can estimate how mVo, correlates with 
systolic b.ood pressure, heart rate, left ventricular end 
diastolic 2ressure, and the PEP/LVET ratio, and de- 
scribe the quantitative contribution of each under the 
cenditiors of the experiment." 

Heirar:hical multiple regression was conducted us- 
ing an Exidy microcomputer programmed for multi- 
ple regression in BASIC.” 


Results 


Table .. summarizes the univariate regressions and 
correlaticns between mVo, and measured parameters. 
Fig 1, up»er left panel, shows the scattergram of data 
points relating systolic blood pressure and mVo,. 
Althougk both halothane and morphine anesthetized 
animals show significant correlations between these 
variables. there is less scatter of data points during 
morphin2-halothane anesthesia reflected by the 
greater value of r. 

Fig 1, ower left panel, shows no significant univar- 
iate correlation between heart rate and mVo, during 
either morphine or morphine-halothane anesthesia. 
The variation in heart rate is greater during morphine 
(126 + 42, mean + SD, vs 109 + 16, mean + SD), and 
since both pressure and heart rate are determinants 
of mVo, this greater heart rate variation may have 
contribuced to the increased scatter seen in the 
mVo,-systolic pressure relationship during morphine 
anesthesia (Fig 1, upper left panel). 

Comb.ning heart rate and systolic blood pressure 
as the R?P yields a close relationship with mVo, (Fig 
2). The correlation coefficients during both morphine 
and morphine-halothane anesthesia are highly signif- 
icant (p « 0.01). The difference between regression 
slopes for morphine and morphine-halothane was 


.tested fcr significance by F ratio calculation." p was 


C.012 fcr this difference, indicating that the slope 
curing rxorphine-halothane anesthesia is significantly 
less than during morphine anesthesia alone. While 
statistic: lly significant, the difference is not great. For 
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TABLE 1 


Univariate Regressions (Six Dogs) and Correlations between 
Myocardial Oxygen Consumption and Variables of Interest* 


Morphine Halothane-morphine 
mVo, vs systolic n = 28 n= 43 
‘blood pressure 
E 0.41 0.79 
Y intercept 227.6 58.9 
Siope 0.68 0.152 
mVo, vs heart rate 
E d 0.05 0.05 
Y intercept 286.3 188.2 
Slope 0.129 0.245 
mVo, vs left 
ventricular end x 
diastolic 
pressure 
"ug 0.52 0.73 
Y intercept 268.4 120.6 
Slope 4.94 5.18 
mVo, vs PEP/LVET 
"ET —0.10 0.52 
Y intercept 328.1 86.8 
Slope —0.308 187.8 
mVo, vs rate 
pressure 
product 
E 0.71 0.84 
Y intercept 8.2 42.1 
Slope 0.016 0.021 


* Abbreviations used are: mVo,, myocardial oxygen con- 
sumption; PEP, preejection period; LVET, left ventricular ejec- 
tion time. 
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Fig 1. Correlates of myocardial oxygen consumption: Upper 
left panel, significant relationship between mVo, and systolic 
blood pressure during both morphine and added halothane 
anesthesia; upper right panel, similar relationships between 
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example, an RPP of 16,000 is associated with an 
mVo, of 300 ml/min during morphine-halothane an- 
esthesia and 345 ml/min during morphine anesthesia. 
The difference becomes negligible when RPP has 
normal values of 6,000 to 10,000 because the regres- 
sion lines intersect in this range of values. 

Fig 1, upper right panel, plots significant relation- 
ships between left ventricular end diastolic pressure 
(LVEDP) and mVo,. There is less scatter during ad- 
ministration of halothane. 

Fig 1, lower right panel, shows the lack of a signif- 
icant relationship between the contractility ratio PEP/ 
LVET?? and mVo,. However, halothane produced a 
small but statistically significant increase in the ratio 
(0.60 + 0.21, morphine 0.65 + 0.21, halothane, p < 
0.05 by paired t-test.). 

Table 2 summarizes the results of heirarchical mul- 
tiple regression. This statistical technique was used to 
assess quantitatively the contribution of each variable 
to mVo,. The coefficient of determination R? measures 
the amount of variation in mVo, that can be explained 
by the least squares regression equation for the vari- 
able(s) concerned. With morphine anesthesia, when 
systolic pressure and mVo, were regressed, R° = 0.17. 
This means that 17% of the variation in mVo, is 
associated with variation in systolic arterial pressure. 
When heart rate is added to the regression, R? = 0.44, 
and 44% of the variation in mVo, is explained by the 
combination of systolic pressure and heart rate. Since 
17% was explained previously by systolic arterial 
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Fig 2. Rate pressure product correlates with mVo, during both morphire and acded halothane anesthesia over a wide range of rate 


pressure product and a 5-fold increase in mVo,. 


TABLE 2 
Multiple Regressions* 
Multiple ^ Coefficient Increase in 
correlation of determi- TI rom Significance (p 
Anesthetic agents Regression equation coetficint nation previous value) of AR? 
(R) (R?) value 
(AR?) 
Morphine mVo, = 227.6 + 0.68 SBP 0.41 0.17 0.17 0.029 
mVo, = 1.68 SBP + 1.1 HR — 21.0 0.66 0.44 0.27 C.0019 
mVo, = 1.60 SBP + 2.0 HR + 4.4 LVEDP-101.3 0.74 0.55 0.11 C.023 
mVo, = 1.69 SBP + 1.82 HR + 3.2 LVEDP-93.9 0.76 0.58 0.03 C.21 
PEP/LVET-108.5 
. Morphine- mVo, = 58.9 + 1.52 SBP 0.79 0.63 0.63 <C:.0001 
halothane mVo, = 1.655 SBP + 1.3 HR-98.4 0.83 0.70 0.07 C.004 
mVo, = 1.31 SBP + 1.11 HR + 1.47 LVEDP-67 0.84 0.71 0.01 6.25 
mVo, = 1.37 SBP + 1.06 HR + 1.48 LVEDP-21.9 0.84 0.71 O — 


PEP/LVET-53.6. 


* Summary of multiple regression statistics, showing regression equations multiple correlation coefficients, and coefficient of 
determination R?. AR? is the increase in R? occurring from the previous regression correlation, and is the proportion of variance 
accounted for by the additional variable added to the regression, e.3., ventr cular end diastolic pressure in the third equation, 
morphine section, accounts for 11% of the variance (AR? = 0.11) in myocardia oxygen consumption when added to hea-t rate and 
systolic pressure, which together previously accounted for 44% (R? = 0.44) o the variance in myocardial oxygen consumption. p 
values are the probability that the associated AR? occurred by chance alone. n Vo, myocardial oxygen consumption; SBP, systolic 
arterial blood pressure; HR, heart rate; LVEDP, left ventricular end diastolic pre-sure; PEP, preejection period: LVET, left ventricular 


ejection time. 


pressuze, heart rate has independently contributed 44 
— 17 or 27%. The significance of the contribution of 
each variable can be assessed” and is expressed as 
the p value in the table. Hence during morphine 
anesthesia, systolic arterial pressure (1796), heart rate 
(2796), and LVEDP (1196) made significant contribu- 
tions to the determination of mVo,. When halothane 
was added, only systolic blood pressure (63%) and 
heart rate (7%) made significant contributions to the 
determination of mVo,. 


Discussion 


Under the conditions of this experiment, RPP has 


the high-st correlation with mVo, of the variables 
measurec or calculated. The correlation is enhanced 
when habthane is added to basal morphine anesthe- 
sia. Also when systolic pressure and heart rate are 
combined as a multiple linear regression equation 
there are similar high correlations with mVo, during 
both anesthetics (Table 2). 

The degree of correlation of mVo, with its three 
major de-erminants (ventricular wall tension. contrac- 
tiie performance, and heart rate) depends on the 
conditiors under which the correlation is measured. 
Cinly an index that incorporates all of the determi- 
nants of nVo, will correlate well independently of the 
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circumstances of the experiment. Single variables 
such as heart rate or blood pressure will correlate 
highly with mVo, if the experimental conditions pro- 
duce changes in mVo, mainly via changes in that 
variable. Hence during exercise, where major heart 
rate changes occur, heart rate itself correlates almost 
as well as RPP? Conversely, because the tension time 
index does not directly contain a measure of contrac- 
tility, it is an insensitive correlate of mVo, when 
mVo, is changed mainly by altering contractile per- 
formance with isoproterenol.’ 

The relationship between mVo, and heart rate, 
contractility, and systolic arterial blood pressure is 
different during exercise than during halothane an- 
esthesia. Halothane anesthesia and surgery are asso- 
ciated with decreased contractility, decreased systolic 
blood pressure, and little change in heart rate,"? 
whereas exercise greatly increases rate and slightly 
increases contractility and systolic blood pressure. 

With these considerations in mind, we chose to 
vary mVo, in a way that has clinical relevance but 
does not greatly disturb what we considered the pri- 
mary effect of halothane—depression of contractile 
performance. Decreasing peripheral vascular resist- 
ance and left ventricular afterload with nitroprusside 
has the clinical counterpart of hypotensive anesthesia 
using nitroprusside in conjunction with halothane. 
Similarly, phenylephrine-induced increases in pe- 
ripheral vascular resistance and left ventricular after- 
load have the clinical counterpart of phenylephrine 
infusion to maintain cerebral perfusion during carotid 
endarterectomies, znd resemble the effects of aortic 
cross-clamping during halothane anesthesia for vas- 
cular surgical procedures. 

Because we chose primarily to vary systolic arterial 
blood pressure and hence ventricular wall tension in 
this manner, it is not surprising that systolic pressure 
makes the largest contribution to mVo, during halo- 
thane anesthesia. Compared to the awake state, re- 
sponses of heart rate to changing pressure are de- 
creased,” During morphine anesthesia, when barore- 
flexes are not depressed, heart rate varies over a wider 
range and makes a greater contribution to mVo, (27% 
vs 7%). Heart rate when considered alone is not 
significantly correlated with mVo, (Fig 1, lower left 
panel), perhaps because in our model, heart rate 
changes are secondary to blood pressure changes. 
Multiple regression unmasks the contribution of heart 
rate to mVo, after ailowing for concurrent changes in 
systolic pressure which may have obscured the rela- 
tionship in Fig 1, lower left panel. 

Although significant univariate correlations exist 
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between mVo, and LVEDP during both morphine 
halothane (r = 0.73) and morphine anesthesia (r = 
0.52), multiple regression analysis suggests that this 
correlation is the result of the correlation between 
LVEDP and systolic blood pressure (r = 0.91 for 
morphine, r = 0.83 for halothane). After multiple 
regression of systolic pressure and heart rate, the 
variance in mVo, explainable by any independent 
effect of LVEDP is much reduced. 

Changes in LVEDP, while making a significant 
(11%) contribution to mVo, during morphine anesthe- 
sia are insignificant (1%) during morphine-halothane 
anesthesia (Table 2). Perhaps during morphine anes- 
thesia the greater heart rate changes seen may have 
influenced LVEDP independently of afterload, by 
altering diastolic filling time. 

The index PEP/LVET has been used to assess my- 
ocardial contractility noninvasively.” Halothane sig- 
nificantly, but only slightly, increased the mean values 
of this index, indicating depressed contractility. No 
significant correlation exists with mVo,, perhaps be- 
cause of the small change and because the experimen- 
tal model did not produce large additional changes in 
contractile performance independent of anesthetic ef- 
fects as afterload changed. - 

The RPP has long been used as a correlate of 


| mVo,.? Our study confirms the validity of this rela- 


tionship during both morphine and halothane-mor- 
phine anesthesia. The slope of the relationship is 
significantly less during the administration of halo- 
thane, perhaps reflecting a decreased contractile state 
and less oxygen consumption. The absolute value of 
this slope difference does not result in large differ- 
ences in mVo, at any given RPP during morphine or 
halothane anesthesia except at large values of RPP 
(Fig 2). 

In conclusion, mVo, correlates with RPP under the 
hemodynamic conditions of this experiment. Al- 
though the slope of the relationship is decreased 
during halothane-morphine anesthesia, this appears 
of little practical significance. Insofar as our results 
can be extrapolated to man, they indicate the RPP is 
a valid correlate of mVo, under halothane-morphine 
anesthesia, despite gross changes in ventricular after- 
load as might be seen during hypotensive anesthesia 
and aortic cross-clamping. The results do not indicate 
the validity or otherwise of the relationship when 
m Vo, is changed by other factors, such as increased 
contractile performance, heart rate, and systolic blood 
pressure due to autonomic stimulation during "light" 
anesthesia. However, the hemodynamic changes of 
“light” anesthesia more closely resemble those seen 


a 
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during exercise, when RPP is a good correlate of 
mVo,.” 


REFERENCES 


. Braunwald E: Control of myocardial oxygen consumption: 


physiologic and clinical considerations. Am J Cardiol 27:416- 
432, 1971 


. Graham TP Jr, Covell JW, Sonnenblick EH, et al: Control of 


myocardial oxygen consumption: relative influence of contrac- 
tile state and tension development. J Clin Invest 47:375-385, 
1968 


. Rhode E: Über den Einfluss des mechanischen Bedingungen 


und die Tetigkeit and den Sauerstoffverbrauch des Warmblu- 
terhergens. Arch Exp Pathol Pharmacol 68:401, 1912 


. Antic R, Hirsch LJ, Katz LH: The factors controlling myocardial 


oxygen consumption per stroke and per minute. Acta Cardiol 
20:309-321, 1965 


. Kitamura K, Jorgensen CR, Gobel FL, et al: Hemodynamic 


correlates of myocardial oxygen consumption during upright 
exercise. J Appl Physiol 32:516-522, 1972 


. Bevegard B5, Shepherd JT: Regulation of the circulation during 


exercise in man. Physiol Rev 47:178-213, 1967 


. Goldberg AH, Alrich WC: Effects of halothane on isometric 


12. 


13. 


14. 


15. 


contracti sns of isolated heart muscle. Anesthesiology 28:838- 
845, 196- 


. Hamiltor WK, Larson CP, Bristow JD, et al: Effect of cyclopro- 


pane an- halothane on ventricular mechanics; a change in 
ventriculmr diastolic pressure-volume relationships. J Pharma- 
col Exp “her 154:566-574, 1966 


. Duke PC Fownes D, Wade JG: Halothane depresses baroreflex 


control ci heart rate in man. Anesthesiology 46:184-187, 1977 


. Duke GS Newhouse YMG: Microme:hod for measuring blood 


oxygen Ontent by determining oxygen tension after saturation 
with carbon monoxide. Am Rev Respir Dis 110:814-816, 1974 


. James TN: Anatomy of the Coronary Arteries. New York, 


Hoeber e Co, 1961, p 173 

Cohen J Cohen P: Applied Multiple Regression Correlation 
Analysis for the Behavioral Sciences. John Wiley and Sons, 
New Yo-k, 1975, pp 98-102 

Poole L, Borches M: Some Common BASIC Programs, 2nd 
Edition. 3erkeley, CA, Adam Osborne and Assoc Inc, 1978, pp 
147-150 

Zar JH: 3iostatistica! Analysis. Englewood Cliffs, NJ, Prentice- 
Hall, 195-4, pp 228-235 

Garrard CL, Weissler AM, Dodge HT: The relationship of 
alteratioas in systolic time intervals to ejection fraction in 
patients with cardiac disease. Circulation 42:455-462, 1970 


ANESTHESIA AND ANALGESIA 
Vol 58, No 4, April 19&0 


239 


ANESTH ANALG 
59:240-244, 1980 


Myocardial Function during 
Halothane and Enflurane Anesthesia 
in Patients with Coronary Artery 
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DELANEY, T. J., KISTNER, J. R., LAKE, C. L., AND MILLER, E. D., JR.: Myocardial function during 
halothane and enflurane anesthesia in patients with coronary artery disease. Anesth Analg 59: 


240-244, 1980. 


Halothane and enflurane are known myocardial depressants in healthy individuais. Whether 
these two agents produce the same degree of myocardial depression in patients with coronary 
artery disease has rot been studied. Informed consent was obtained from 16 adults with 
ischemic heart disease undergoing coronary artery bypass grafting. Patients with significant 
ventricular dysfunction were excluded from the study. Control measurements were made while 
the patient breathed 100% oxygen. The patients were divided into two groups, anesthetized 
with either halothane or enflurane, and repeat measurements made at % and % MAC for each 
agent. The last series of measurements (% MAC) was made approximately 1 hour after the 
induction of anesthesia but before intubation, surgical skin preparation or surgical incision. 
Our data indicate that at % and % MAC for halothane, mean arterial blood pressure (MAP) 
decreased from 92 + 2 torr to 73 + 3 torr and 67 + 2 torr, respectively (p < 0.05). 
Pulmonary capillary wedge pressure (PCWP) increased from 6.2 + 0.7 torr to 9.1 + 1.6 torr 
and 9.4 + 1.7 torr at % and % MAC halothane (p < 0.05). Cardiac index decreased from the 


control values of 2.67 + 0.08 L/min/m? to 2.19 + 0.06 L/min/m? for % MAC and to 2.24 + 
0.08 L/min/m? at % MAC halothane (p < 0.05). Assisted ventilation was maintained through- 
out and arterial Pco, was unchanged from control. Enflurane likewise resulted in a decrease in 
MAP from 99 + 6 torr to 75 + 4 torr at % MAC and 68 + 5 torr at % MAC (p < 0.05). PCWP 


did not increase. In contrast, however, cardiac index was unchanged from control value of 
2.65 + 0.16 L/min/ m^ at both '^ and ?4 MAC. Arterial Pco, was unchanged from the awake 
control value. Our data indicate that while both halothane and enflurane decrease mean 
arterial blood pressure, the mechanisms responsible differ. The primary afterload-reducing 
effect of enflurane may be beneficial to some patients with ischemic heart disease whereas 
other patients may benefit from the greater myocardial depression seen with halothane. 


Key Words: ANESTHETICS, Volatile: halothane; ANESTHETICS, Volatile: enflurane; HEART: myocardial function; 


ANESTHESIA: cardiovascular. 





ALOTHANE has been repeatedly shown to be 
a myocardial depressant in a variety of species, 
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including healthy human volunteers." Studies of 
enflurane, on the other hand, have produced variable 
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results. Although several investigators"" have found 
enflurane to be either more depressant or equally 
depressant to the myocardium as compared to equi- 
potent concentrations of halothane, others"? have 
found halothane to be more depressant than enflur- 
ane. 

Halothane and enflurane are both used extensively 
in cardiac surgical patients. No study has compared 
the cardiovascular effects of these agents in patients 
with coronary artery disease. One cannot necessarily 
extrapolate from healthy, normal individuals to these 
patients." We therefore compared the hemodynamic 
effects of these agents at equipotent concentrations 
after induction of anesthesia but before the start of 
surgery in patients undergoing coronary revasculari- 
zation procedures. 


Methods 


Informed consent was obtained from 16 adults (14 
men, 2 women) with ischemic heart disease undergo- 
ing coronary artery bypass grafting; they were alter- 
nately placed into two groups. Patients with signifi- 
cant ventricular dysfunction as judged by cardiac 
catheterization findings (i.e., ejection fraction <50%) 
or left ventricular end-diastolic pressure (LVEDP) >15 
torr were excluded from the study. Clinical factors 
(i.e., age, LVEDD, height, weight, history of myocar- 
dial infarction, chronic or preoperative digitalization, 
daily propranolol dosage, and the number of vein 
grafts zo be performed) were recorded. 

Patients were premedicated with morphine, 0.1 mg/ 
kg, and scopolamine, 0.3 to 0.4 mg, 1 hour before 
being brought to the operating room where two large 
peripheral venous cannulae were inserted, a radial 
artery was percutaneously cannulated, and a #7 ther- 
modilution pulmonary artery catheter was placed by 
a modified Seldinger technique via the right internal 
jugular vein. Electrocardiogram (ECC), electroenceph- 


ABBREVIATIONS 


CI cardiac index (L/min/m?) 
CO cardiac output (L/min) ~ 
CVP central venous pressure (torr) 
HR heart rate (beats/min) 
LVEDP left ventricular end-diastolic pressure (torr) 


LVSWI left ventricular stroke work index (g-m/m?) 
MAP mean arterial pressure (torr) 
MVo, myocardial oxygen consumption 


PCWP pulmonary capillary wedge pressure (torr) 
RPP rate pressure product (beats/min-torr) 
SVI stroke volume index (ml/beat/m?) 
SVR systemic vascular resistance (dynes/sec/cm?) 





alogram, radial and pulmonary arterial pressures, pul- 
monary czpillary wedge pressures (PCWP) and cen- 
tral venous pressure (CVP) were recorded on an 8- 
channel Hewlett-Packard recorder. Bentley Trantec 
transduce’s, calibrated daily against mercury, were 


used. 


After tLe patient breathed 100% oxygen by mask 
for 5 mint tes, cardiac output, heart rate, ECG, arterial 
and pulmonary artery pressures, PCWP, CYP, and 
arterial b ood gases were measured and recorded. 
Minute vcntilation was also noted during this awake 
period. Fcllowing these baseline measurements, an- 
esthesia vas induced with either halothane (group 1) 
or enflurene (group 2) in 10096 oxygen by mask (5 to 
6 L of fresh gas flow). The end-tidal anesthetic con- 
centratior sampled from the mask was measured 
continuously with a Beckman LB-II infrared analyzer. 
After an end-tidal concentration of 2 MAC had been 
reached (requiring 20 to 30 minutes), it was main- 
tained coastant for 10 minutes, at which time the 
previous measurements were repeated. None of the 
patients :tudied, experienced an overt excitement 
phase. The end-tidal concentration was then increased 
to % MAC and after 10 minutes of equilibretion the 
measurements were repeated. During the induction, 
ventilation was assisted gently by hand to maintain 
minute ventilation at approximately the cont-ol level. 

Cardiac output was measured in duplicate by ther- 
modiluticn using an Edwards model 9510A cardiac 
output cemputer and temperature curves were re- 
corded te observe for artifacts. ST-depression was 
measurec in the Vs lead of a calibrated ECC tracing. 
The rate pressure product (RPP) as well as indices 
derived f-om standard equations” including cardiac 
index (Ch, systemic vascular resistance (SVR), stroke 
volume SV), stroke volume index (SVJ), and left 
ventricul.r stroke work index (LVSWI]) were calcu- 
lated at < later time from the recording. RPP is the 
product cf systolic arterial pressure and heart rate. 

The Beckman LB-II analyzer was calibrated to 
known concentrations of anesthetic as measured by 
ges chromatography. Standard MAC values for 
healthy middle-aged adults (1.68% for enflurane,"? 
0.77% for halothane’) were used in calculating the % 
MAC ani % MAC concentrations. Statistical analysis 
was performed using Student's t-test for paired and 
unpaired data. Differences were considered statisti- 
cally sigrificant if p « 0.05. Values are presented as 
means 3- standard error of the mean (SEM). 

This study was approved by the University of 
Virginia Medical Center Human Investigation Com- 
mittee. 4l] studies were performed before surgical 
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skin preparation, endotracheal intubation, or surgical 
incision. Esophageal temperature taken shortly after 
the end of the study period ranged from 35.5-37 C. 


Results 


Both groups were similar in age, height, weight, 
body surface area, ventricular function, number of 
vein grafts, and mean daily propranolol dosage (av- 
erage 35 mg q.i.d.). Five of eight patients given halo- 
thane and three of eight patients given enflurane had 
histories of previous myocardial infarctions. One pa- 
tient in each group was receiving long-term digitalis 
therapv; the remainder were digitalized preopera- 
tively (1.0 mg over 24 hours) as is the practice at this 
institution. No patient had symptoms or signs of 
significant congestive heart failure. The two women 
were both given enflurane. There was no ECG evi- 
dence of worsening ischemia in either group during 
the study. All patients were clinically asleep (as evi- 
denced by failure to respond to a verbal command) at 
both the 12 MAC and % MAC levels. 


Group I-Halothane 


In the patients anesthetized with halothane there 


were significant decreases at both anesthetic concen- 
trations in MAP, CO, CI, SVI, HR, LVSWI, SVR, and 


TABLE 1 


RPP (except for SVI at % MAC, which was un- 
changed). Significant increases were noted in PCWP 
and CVP (Table 1). There were no significant changes 
from control in Po,, Pco,, or pH (Table 2). 


Group II-Enflurane 


In patients anesthetized with enflurane there were 
significant decreases in MAP, SVR, LVSWI, and RPP 
at both anesthetic concentrations. There was no sig- 
nificant change in CO, CI, SVI, HR, PCWP, or CVP. 
There was an increase in Po, at the 2 MAC level; 
however, Pco, and pH were unchanged (Table 1). 


Halothane versus Enflurane 


Comparison of halothane and enflurane revealed 
that MAP fell to similar levels (67 torr and 68 torr, 
respectively at % MAC) and the heart rates were 
similar (52 and 55, respectively) with both anesthetics; 
however, CI was significantly higher with enflurane 
at both 4% MAC and % MAC (2.80 and 2.91 L/min/ 
mł, respectively) than with halothane (2.19 and 2.24 
L/min/m/, respectively). In addition, SVI was higher 
with enflurane at both levels and CO was higher with 
enflurane at % MAC. There were no significant dif- 
ferences in PCWP, CVP, SVR, LVSWI, or arterial 
blood gas tensions (Table 1). 


Hemodynamic Measurements during Halothane and Enflurane Anesthesia 


Halothane Enfiurane 
Control Y MAC 34 MAC Controi MAC 34 MAC 
CO (L/min) 5.21 + 0.28 4.24 € 0.14* 4.35 + 0.23* 4.90 + 0.24 5.22 40.407 5.42 + 0.50 
CI (L/min/m?) 2.67 + 0.08 2.19 + 0.06* 2.24 + 0.08* 2.65 + 0.16 2.80 + 0.17f 2.91 + 0.23+ 
MAP (torr) 92+ 2 73:23" 67 + 2* 99 +6 75:4" 68 + 5* 
HR (beats/min) 5744 53 + 3° 52 + 3° 53 +3 5443 55 +3 
PCWP (torr) 6.25 + 0.70 9.13 + 1:57". 9:36 2-17.65" 8.75 + 1.46 8.75 + 1.06 8.38 + 1.27 
CVP (torr) 3.50 + 0.42 0.25 27.03" 9.75 t 1.27" 3.88 + 1.11 6.13 + 1.19 5.63 + 0.94 
SVR (dynes/sec/cm?) 1396 x 99 1264 4+ 71* 1116 + 77* 1572 + 131 1093 + 104* 973 + 133” 
SVI (ml/beat/m?) 48 +3 42 + 2* 444+ 3 51+3 52 + 3t 53 + 3+ 
RPP (beats /min-torr) 7961 + 622 5631 + 352* 5056 + 348* 8022 + 676 5847 + 486* 6010 + 716 
LVSWI (a-m/m?) 5943 39 + 4* 37 + 4* 66 +6 50k 3” 46 + 5* 
* p < 0.05 compared to control. 
T p < 0.05 compared to halothane at corresponding level. 
TABLE 2 
Arterial Blood Gas Analysis during Halothane and Enflurane Anesthesia 
Halothane Enflurane 

Control % MAC 34 MAC Control Ye MAC 34 MAC 
Po, (torr) 3&7 + 20 376 + 22 386 + 28 366 + 17 396 + 16* 380 + 17 
Poo, (torr) 42 +i 44 X 1 45 X2 43 x 1 43 1 43 +41 
pH 7.39 + 0.01 7.36 + 0.01 7.34 + 0.01 7.37 + 0.01 7.37 + 0.01 7.37 + 0.01 





* p< 0.05 compared to control. 
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Discussion 


Halothane is a well known myocardial depressant 
and has been shown to decrease all the standard 
indices of myocardial function." ^ ^ The decrease in 
contractility results in a dose-related decrease in car- 
diac output which is due to a decrease in stroke 
volume rather than to a decreased heart rate.'* Sys- 
temic vascular resistance is usually minimally de- 
creased? or unchanged? 

The effects of enflurane on cardiovascular dynam- 
ics remain somewhat controversial In vitro 
studies” ^? have demonstrated a negative inotropic 
effect of enflurane on isolated cat heart papillary 
muscles. Laboratory studies involving intact dogs? and 
rhesus monkeys! demonstrated that enflurane de- 
presses left ventricular function in a dose-related 
manner equal to or greater than that produced by 
halothane. However, studies in humans have shown 
a variety of results. Levesque et al? demonstrated in 
normal volunteers that enflurane (average 2.29% end- 
tidal concentration) significantly decreased mean ar- 
terial pressure and total peripheral resistance, with no 
change in cardiac output. Comparing enflurane and 
halothane, both Kaplan et al? using systolic time 
intervals, and Rathod et al? using echocardiography, 
found halothane to be more depressant to the myo- 
cardium than enflurane. Conversely, Smith et al? 
demonstrated that, in healthy volunteers, enflurane 
causes a marked dose-related decrease in both cardiac 
output and total peripheral resistance, and increase in 
heart rate. 

Both halothane and enflurane are commonly used 
in patients with coronary artery disease, both for 
cardiac and noncardiac surgery. The hemodynamic 
effects of anesthetics may be different in patients with 
coronary artery disease and healthy volunteers.!' Our 
data indicate that at relatively low concentrations both 
anesthetics cause a marked decrease in mean arterial 
pressure; however, the mechanism is different with 
each. Halothane decreases both cardiac output and 
systemic vascular resistance, while enflurane de- 
creases systemic vascular resistance alone. Further- 
more, halothane causes an increase in both PCWP 
and CVP which was not seen with enflurane, again 
suggesting greater myocardial depression with halo- 
thane than with enflurane. These findings suggest 
that in patients with coronary artery disease, who are 
digitalized and taking propranolol preoperatively, en- 
flurane does not result in impairment of left ventric- 
ular fanction. However, left ventricular function is 
not synonymous with cardiac output. The decrease in 


afterload probably resulted in a shift of the Starling 
plot to the left, i.e., cardiac output does not depend 
exclusivel- on contractility. We suspect that the de- 
crease in .fterload masked a certain amount of my- 
ocerdial dspression by enflurane. 

When enesthetizing patients with coronary artery 
disease fcr cardiac or noncardiac surgery a major 
consideration is prevention of increases in myocardial 
oxvgen demand, since oxygen supply remains rela- 
tively fixed. The major determinants of oxygen de- 
mand are left ventricular wall tension (a function of 
volume rclated to both preload and afterload), the 
contractile state, and heart rate.” As both anesthetics 
reduced MAP, with no change in HR and little change 
in PCWP it is likely that myocardial oxygen con- 
sumption (MVo,) was reduced. Reduction of MVo, 
wich halothane and enflurane has been demonstrated 
ex»erimentally.5 !? However, it would appear from 
our data that the effects on the determinants of oxygen 
demand may be different with the two anesthetics in 
patients with coronary artery disease. Halothane de- 
creases tke contractile state, heart rate, and afterload 
and so presumably decreases MVo, while slightly 
increasing preload; on the other hand enflurane re- 
duces afterload only. 

Since ro ischemic ECG changes were seen in either 
group anc. the differences in other indices of myocar- 
dial demznd were not marked, we cannot state that 
either anzsthetic agent resulted in more favorable 
myocardial oxygenation. We might hypothesize that 
in low deses, enflurane may be preferable to halo- 
thane in patients with borderline ventricular function 
because cf the reduction in afterload associated with 
erflurane. This however requires further study. 

At firs- appearance, the low concentrations of an- 
esthetic gents studied, may seem too low for mean- 
ingful clmical interpretation. However, these rela- 
tively low end-tidal concentrations were chosen be- 
cause in pilot studies 1 MAC anesthesia resulted in 
marked aypotension. Kaplan et al’? found that in 
healthy ~olunteers 0.87% mixed expired halothane 
resulted ñn a mean arterial pressure of only 49 torr. In 
our stud» without surgical stimulation, 2 or % MAC 
halothan- resulted in a MAP of 73 + 3 torr and 67 
+ 2 torr, respectively, while % or % MAC enflurane 
resulted n a MAP of 75 + 4 torr and 68 + 5 torr, 
respectively. To counteract the profound hypotensive 
properties of both of these agents, the addition of 
narcotics nitrous oxide, and muscle relaxants is com- 
mon pra-tice so that decreased concentrations of in- 
halationz agents are necessary. Furthermore, the dis- 
crepancy between the inspired concentration and the 
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actual end-tidal concentration is rarely appreciated in 
clinical practice. It should be noted that at the termi- 
nation of the study, the patients received a muscle 
relaxant, were intubated, and 50% nitrous oxide ad- 
ministered. The end-tidal concentration of the inha- 
lational agent was rarely increased, These patients 
appeared anesthetized as evidenced by loss of con- 
sciousness, loss of lid reflex, anmesia, and a blunted 
blood pressure response to intubation and surgical 
incision. 

In summary, our data indicate that in patients with 
coronary artery disease and good ventricular function, 
the cardiovascular effects of halothane and enflurane 
are quantitatively different. 
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after halothane or enflurane anesthesia. Anesth Analg 59:245-249, 180. 


Halothane and enflurane anesthesia were administered without surger’ to young volunteer 
subjects who were compared with unanesthetized control subjects. All subjects were tested 
for intellectual function, visual-motor coordination, and personality characteristics, and they 
were asked to complete a symptom checklist on three occasions: befcre anesthesia, 2 days 
after anesthesia, and 2 weeks after anesthesia. Except for slight temporary effects in a few 
individuals, anesthesia altered neither intellectual or visual-motor mea:ures nor personality 
characteristics. Although both anesthetics induced a number of symptoms persisting for 2 
days aiter anesthesia, malaise was clearly greater following halothane than enflurane. Halo- 
thane was specifically associated with difficulty in remembering things difficulty in concentrat- 
ing, faintness or dizziness, and having to do things slowly to do them aight. These symptoms 


were absent at the 2-week test. 
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postoperative. 


HE USE of enflurane has dramatically increased 
since its introduction into clinical practice in 
1971. In large part, this widespread acceptance has 
resulted from enflurane’s low biodegradation and 
organ toxicity. Although hepatotoxicity appears to be 
minimal or absent with this agent, a concern remains 
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over the effects of enflurane on the central nervous 
system. 

Enflurzne anesthesia may induce seizure activity 
particula ly at deeper levels and/or if accompanied 
bv hypocapnia.’ The potential for this cerebral effect 
to result .n brain changes which persist at least tran- 
siently fcllowing anesthesia is suggested by reports 
from two groups of investigators: (1) Julien and 
Kaven’ reported on cats with indwelling electrodes 
that were given 4.5 to 5.5% enflurane in 44% oxygen 
and showed high frequency, high voltage spiking, 
EEG activity for 2 to 14 days following anesthesia. (2) 
Ohm et al? reported case histories of two patients 
who experienced grand mal seizures several days 
fcllowing enflurane anesthesia. Both patients re- 
covered without apparent sequelae and no other such 
cases hax e been published. 

Other studies have given inconclusive or negative 
evidence of significant postanesthetic central nervous 
system effects of enflurane. Wollman et al,* for ex- 
ample, demonstrated that convulsive activity during 
enfluranz anesthesia was not associated with abnor- 
malities n jugular venous Po, or cerebral metabolic 
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rate.“ In 12 volunteers who were anesthetized with 
enflurane for 9.6 MAC-hours, Burchiel et alë found 
no postanesthetic EEG spiking or convulsive activity. 
Half of these volunteers experienced grand mal sei- 
zures during anesthesia and all displayed spiking 
activity. In a paper] presented at the 1975 Annual 
Meeting of the American Society of Anesthesiologists 
Steinhelber indicated that transient impairment of 
mental function could occur in older (more than 53 
years) patients given enflurane for 2 to 3 hours. Three 
but not 6 days after anesthesia, the patients anesthe- 
tized with enflurane scored lower than halothane 
anesthetized patients on several tests of intellectual 
function. On the otner hand, patients given halothane 
reported more symptoms, suggesting a residual 
source of depression or discomfort. 

In contrast to the interest in residual cerebral effects 
following enflurane anesthesia, little concern has been 
expressed regarding possible postanesthetic effects of 
halothane. Yet there is evidence that postanesthetic 
effects do exist. Davison et al® found mental and 
symptomatic abnormalities for 2 to 4 days following 
anesthesia in volurteers given halothane. These ab- 
normalities often were greater than those seen follow- 
ing administration of isoflurane, an isomer of enflur- 
ane. EEG spiking activity has been seen after halo- 
thane anesthesia but not after enflurane anesthesia. 
Three of seven volunteers showed "sharp" waves 
following 13 to 14 MAC-hours of halothane.’ 

Given the uncertainty regarding the postanesthetic 
mental effects of enflurane and halothane, we meas- 
ured intellectual and symptomatic changes following 
administration of these anesthetics to volunteers. Vol- 
unteers were examined because, unlike patients, they 
could be subjected to a long, reasonably standardized 
anesthetic experience without superimposition of the 
potentially confounding effects of surgery. We hy- 
pothesized that either anesthetic would produce 
measurable deficits 2 days after anesthesia which 
would disappear within 2 weeks following anesthesia. 


Methods 


Twenty-seven male volunteers willing to undergo 
general anesthesia for pay were recruited from local 
college campuses. Subjects who received enflurane 
anesthesia and control subjects came from one cam- 


{| Steinhelber J, Eger EI II, Durandetto BE, et al: Psychological 
effects of halothane and enflurane anesthesia in older patients. 
Abstracts of Scientific Papers, 1975 Annual Meeting of the Amer- 
ican Society of Anesthesiologists, pp 231-232. 
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pus and subjects who received halothane anesthesia 
came from another. There were no significant differ- 
ences among the three groups in age, Wechsler Adult 
Intelligence Scale (WAIS) Verbal, Performance, or 
Full Scale IQs, or Minnesota Multiphasic Personality 
Inventory (MMPI) Scales (Table 1). Volunteers from 
the same campus (control volunteers and those given 
enflurane) were randomly assigned to their respective 
groups. 

Three categories of psychological tests were used: 
Intelligence, personality, and cerebral dysfunction. 
Intelligence was assessed with the 11 subtests of the 
WAIS (first items on Table 1). Personality tests in- 
cluded the MMPI and a symptom checklist. Tests of 
cerebral dysfunction included the Bender Visual-Mo- 
tor Gestalt, the Grassi Block Substitution Test, and 
the Graham-Kendall Memory for Designs." * All are 
standard tests except for the symptom checklist which 
was used in the studies of Davison et al? and Stein- 
helber.{ 

The entire battery of psychological tests was ad- 
ministered to all subjects on three occasions. For 
subjects who were anesthetized, the tests were admin- 
istered prior to anesthesia, 2 days after anesthesia, 
and 14 to 16 days after anesthesia. Control subjects, 
not given anesthesia, were tested at comparable inter- 
vals. All volunteers underwent a rigorous medical 
evaluation prior to admission to the study, including 
a complete medical history, physical examination, and 
appropriate laboratory tests to assure that each was in 
excellent health. Subjects selected for anesthetic un- 
derwent arterial and central venous cannulation under 
local anesthesia while resting on an ultra-low-fre- 
quency air-bearing hallistocardiograph bed. Control 
measurements were taken with the subjects awake 
before the induction of anesthesia by mask. Details 
of the anesthetic protocol are presented else- 


"where.!^ !! The average halothane anesthesia lasted 


13.7 + 0.8 SEM MAC-hours compared with 9.6 + 0.9 
SEM MAC-hours of enflurane anesthesia. Both 
groups were anesthetized for nearly the same amount 
of time, but subjects receiving halothane could toler- 
ate higher concentrations of anesthetic. 

The results were analyzed using analyses of vari- 
ance which compared the two anesthesia groups with 
each other and with the control groups across three 
occasions (a mixed design with repeated measures). 

These studies were approved by the Human Re- 
search Committees of the University of California, 
San Diego, and the Veterans Administration Medical 
Center, San Diego. A detailed consent was obtained 
from all subjects. 
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Results 


Intellectual assessment with the WAIS yielded the 
expected practice effects. The IQ score often increased 
10 points or more on successive testing (Table 1). No 
significant intellectual deficits in either group could 
be attributed to the anesthetics. Similarly, none of the 
three neuropsychological tests revealed any differ- 
ences between groups (p > 0.50 in each case), includ- 
ing any differences due to anesthesia. Thus, neither 
halothane nor enflurane gave any evidence of post- 
anesthetic cortical dysfunction. These results are sum- 
marized in Table 1. 

However, both anesthetics produced a few idiosyn- 
cratic findings. One subject given enflurane suffered 
a temporary impairment on the Memory for Designs 
Test 2 days after anesthesia. Interestingly, he also had 
difficulty with short-term auditory memory for digits 
prior to anesthesia and 2 days afterward, but not 2 
weeks later. Another volunteer given enflurane dis- 
played perseveration on the Bender Gestalt test, in- 
creased anxiety on the MMPI, and some decrements 
on three WAIS subtests 2 days after anesthesia, but 
not 2 weeks later. Two subjects given halothane 
showed slight decreases in auditory memory for digits 
2 days but not 14 days after anesthesia, and one 
subject showed slight temporary changes on the 
Bender Gestalt. No problems were observed in the 
control group. 

Both halothane and enflurane produced physical 
discomfort as defined by the symptom checklist. 


TABLE 2 


Symptoms Associated with Anesthesia Administration* Two 
Days after Anesthesia 


Symptoms associated with both 
but more marked with halo- 
thane 

(Number of symptoms reported) 
{Low in energy) 

(Weakness in parts of the body) 
(Nausea from motion) 

(Poor appetite) 

Faintness or dizziness 

Having to do things slowly to do 





Symptoms associated equaily with 
both halothane and enfiurane 


Number of symptoms reported 
Low in energy 

Weakness in parts of tha body 
Nausea from motion 

Poor appetite 

Muscle soreness 

Heavy arms and legs 


Difficulty falling or staying them right 

asleep : . 
Páor coordiadan iiio TUNER only with 
Sweating Trouble remembering things 
Trembling 


Trouble concentrating 
(Daytime drowsiness) 
(Coughing) 
(Hypochondriasis) 


Hot and cold spells 

Numbness or tingling 

Sore throat 

Dry mouth 

Smell of anesthesia Symptoms associated only with 
entiurane 


(Headaches) 


* All symptoms listed showed groups X time interaction in the appro- 
priate analysis of variance which was statistically significant with p < 
0.05, except that symptoms in parentheses had p « 0.10. 
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Within 2 weeks virtually all of the symptoms had 
abated (Table 2). Both anesthetics produced effects 
suggestive of depression: low energy, poor appetite, 
and trouble falling or staying asleep. However, neither 
anesthetic significantly affected the MMPI Depres- 
sion Scale. 

Some symptoms were more marked after halothane 
than after enflurane although associated with both 
anesthetics. Especially notable after halothane were 
faintness or dizziness and having to do things slowly 
to do them right. Of low statistical significance ( p « 
0.1) but consistent with Steinhelber’s report were 
reduced energy, weakness, nausea, and poor appetite. 
Subjects given halothane, but not those given enflur- 
ane, reported more difficulty remembering things and 
difficulty concentrating. Only one symptom, head- 
aches, seemed associated solely with enflurane ( p « 
0.1). 

Interestingly, the MMPI overcontrolled hostility 
scores for both experimental and control subjects 
increased 2 days after anesthesia and remained sig- 
nificantly higher at 2 weeks. This may reflect irritation 
with repeated testing. 


Discussion 


Our results should be reassuring to those concerned 
about the potential of enflurane or halothane for the 
production of significant postanesthetic impairment 
of mental function. Neither the exposure to nor the 
dose of either anesthetic far exceeded that experi- 
enced by the ordinary patient. The subjects anesthe- 
tized with enflurane were those studied by Burchiel 
et al? and, as noted above, all had displayed high 
voltage spiking activity during anesthesia and half 
had had overt grand mal seizures. The subjects anes- 
thetized with halothane also had been studied by 
Burchiel et al’ and, as noted, had displayed post- 
anesthetic EEG "sharp wave" activity. Alpha rhythm 
in the EEGs of subjects given either halothane or 
enflurane had decreased slightly 2 days but not 6 days 
following anesthesia.’ Despite these stresses, neither 
halothane nor enflurane produced measurable post- 
anesthetic deficits in intelligence in our subjects. 

Our results slightly conflict with the results re- 
ported by both Steinhelber and by Davison et al? In 
the Steinhelber study, 3 days after anesthesia sub- 
jects who had been given enflurane scored lower than 
did subjects given halothane on the Wechsler Mem- 
ory Scale and on two measures from the Neurological 
Index of Mental Impairment. These measures were 
not used in the present study because we preferred 
better standardized measures (measures with pub- 
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lished validation and cross-validation studies). How- 
ever, none of the intellectual or perceptual-motor 
measures in the current study, including measures of 
immediate memory, showed impairment following 
either anesthetic. A few subjects in both groups 
showed slight deficits 2 days after anesthesia which 
may or may not reflect mild temporary central nerv- 
ous system dysfunction. It may be that our subjects 
recovered their mental faculties more rapidly because 
they were younger (Steinhelber’s subjects were at 
least 55 years old) and had not undergone surgery. 

The differences between our results and those pro- 
duced by Davison et al cannot be explained by dif- 
ferences in age or the stress of surgery. As in our 
study, Davison used young healthy volunteers. The 
difference between our results and Davison's may be 
more apparent than real, since only a few of Davison's 
results demonstrated differences between anesthe- 
tized and control groups. Where Davison's study did 
show differences, several surprisingly favored the 
anesthetized group (for example, the Neurological 
Index of Mental Impairment tests for Similarities and 
Differences, for Arithmetic, and for Numerical Total). 
Such findings are what might be anticipated to de- 
velop randomly from the large number of variables 
examined. The few positive findings might similarly 
represent chance occurrences. 

The symptom checklist appears to be a sensitive 
indicator of physical malaise. Our results from the 
symptom checklist agree with those from the previous 
studies that used this instrument. Although abbrevi- 
ated exposures to enflurane and halothane for out- 
patient surgery have not demonstrated significant 
differences in postoperative complaints,” both in our 
study and the study presented by Steinhelber,f hal- 
othane caused more adverse symptoms than enflur- 
ane. Similarly, Davison et al found that halothane 
caused more adverse symptoms than isoflurane. 
These differences may have resulted from the lower 
solubility of enflurane and isoflurane relative to hal- 
othane and hence the slower elimination of halo- 
thane." Alternatively, the metabolism of halothane to 
bromide may have produced blood levels sufficient 
to cause central nervous system effects. Either of 


these or seme unknown mechanism may account for 
the greate- number of adverse symptoms after halo- 
thane thar after enflurane. 

In sumraary, except for minor transitory effects on 
a few sca tered subjects, neither halothane nor en- 
flurane had negative effects on intellectual or percep- 
tual-moto- functions in healthy young adult men. 
However, both anesthetics produced a number of 
symptoms that were evident 2 days after anesthesia 
but not 2 weeks later. Halothane produced more 
adverse symptoms than enflurane. 
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Muscle adenosine triphosphate (ATP), glucose-6-phosphate, phosphocreatine, and pH were 
measured in nine malignant hyperthermia (MH)-susceptible and 14 MH-resistant Landrace 
pigs. Muscle biopsies were taken before (under barbiturate anesthesia) and after exposure to 
halothane. When compared to levels during barbiturate anesthesia, exposure to halothane had 
no immediate effect on muscle ATP levels in either MH-susceptible or -resistant pigs. How- 
ever, once malignant hyperthermia developed in susceptible pigs ATP levels decreased signifi- 
cantly. In both susceptible and resistant pigs halothane increased muscle glucose-6-phos- 
phate and decreased muscle phosphocreatine and pH significantly below control levels ob- 
served during barbiturate anesthesia. In susceptible pigs these changes were significantly 
more marked than were the changes produced in resistant pigs. These data indicate that the 
effect of halothane on muscle metabolism is similar in both MH-resistant and -susceptible 
pigs. The results suggest that the effect of halothane is to inhibit aerobic metabolism by 
preventing mitochondrial dehydrogenation of pyruvate. Inhibition is complete in susceptible 
pigs but only retardad in resistant pigs. In susceptible pigs the consequent lactacidosis, 
hyperthermia, and reduction in ATP synthesis contribute to the development and maintenance 


of rigidity. 
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in pigs, the site of the underlying lesion or lesions 
remains obscure. Several hypotheses have been sug- 
gested. The classic explanation offered by Britt and 
Kalow! is that the sarcoplasmic reticulum (SR) cannot 
maintain normal resting calcium concentrations. The 
resulting high myoplasmic calcium inhibits troponin, 
activates myosin adenosine triphosphatase (ATPase) 
and phosphorylase, and uncouples oxidative phos- 
phorylation, thus producing rigidity and hyperther- 
mia. However, attempts to reverse the established 
syndrome using drugs that reestablish normal SR 
calcium concentrations have largely met with fail- 
ure,” which suggests that the SR is not involved at 
a primary level. On the other hand drugs that in- 
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creased myoplasmic calcium worsen the prognosis of 
malignant hyperthermia (MH) reactions.° 

It has also been suggested that catecholamine re- 
lease’ and an uncoupling of oxidative phosphoryla- 
tion® by halothane are the primary events, while loss 
of magnesium ions from the myoplasm has also been 
accorded a central role? However, while these 
changes undoubtedly contribute to the development 
and maintenance of the syndrome, none satisfactorily 
explains all the clinical and biochemical changes that 
occur. 

An explanation that would account for most of the 


changes that occur is that provided by Eikelenboom . 


and van den Bergh”? who have shown that mitochon- 
dria prepared from stress-susceptible pigs have a 
significantly lower rate of oxygen consumption than 
mitochondria prepared from normal pigs. In the study 
of Eikelenboom and van den Bergh”? synthesis of 
ATP in mitochondria of stress-susceptible pigs was, 
consequently, low when nicotinamide adenine dinu- 
cleotide (NAD)-linked substrates (L-glutamate and L- 
malate) were used. If this were found to be so in vivo, 
then reduced mitochondrial synthesis of ATP would 
lead to increased glycolysis and inactivation of the SR 
calcium pump. The acidosis and hypercapnia result- 
ing would also cause release of catecholamines exac- 
erbating the glycolytic flux and raising blood glucose 
levels.'’ The membrane changes occurring either due 
to halothane itself or the consequences of the gross 
metabolic changes, would further result in the leakage 
of several cytoplasmic constituents into the plasma.® 
In order to establish whether the in vitro effects of 
halothane reported by Eikelenboom and van den 
Bergh? can be produced in vivo, we have taken 
muscle from pigs before exposure to halothane (under 
barbiturate anesthesia) and after exposure to halo- 
thane and analyzed each biopsy for adenosine tri- 
phosphate (ATP), glucose-6-phosphate (G-6-P) and 
phosphocreatine (PC) concentrations and pH. 


Methods 


Twenty-three German Landrace pigs were obtained 
from a commercial herd with a high incidence of the 
MH syndrome. The pigs were raised under identical 
conditions and fed a standard ration. 


Anesthesia 


At age 10 to 12 weeks the pigs were anesthetized 
using pentobarbital sodium. The total anesthetic time 
was 30 to 35 minutes and approximately 40 mg/kg of 
body weight of barbiturate was used to maintain 


anesthesie during this period. After 20 minutes of 
anesthesie muscle biopsies were taken aseptically and 
the pigs a. lowed to recover. 

One week after the barbiturate anesthesia, the pigs 
were expcsed to halothane. The halothane was deliv- 
ered using a semiclosed circuit system, A Fluotec MK 
III vaporizer (Cyprane Ltd) and a close fitting face 
mask. Aresthesia was induced using 10% halothane 
in oxyger at a flow rate of 1.5 to 2 L/min. Within 1 
to 2 minu es all animals were comatose and halothane 
concentrations were reduced to 5%. After a further 1 
to 2 minu_es the halothane concentration was reduced 
to 3% for the duration of anesthesia. These concen- 
trations ct halothane appear high. However no pre- 
medicaticn was used and a high initial concentration 
was used to produce rapid induction. Further, the 
semiclosed system used required a slightly raised 
concentration of halothane for maintenance of anes- 
thesia. 

During exposure to halothane rectal temperature 
was measured using a calibrated laboratory thermom- 
eter. In sensitive pigs, halothane anesthesia was dis- 
continuec and 100% oxygen administered as soon as 
rigidity and hyperthermia were observed; the pres- 
ence of tnese signs was considered to be pathogno- 
monic. ho other tests were done to confirm the 
presence of the syndrome. 

At the onset of rigidity and hyperthermia muscle 
biopsies "vere taken. In five of the nine pigs showing 
typical s> mptoms further biopsies were taken at in- 
tervals umtil death. All nine pigs that showed typical 
MH symotoms died after exposure to halothane. The 
1& pigs hat survived exposure to halothane were 
classified as MH-resistant. None of the 23 pigs died 
as a resu t of barbiturate anesthesia. 


Muscle kiopsies 


Muscle obtained during barbiturate anesthesia was 
taken frcm the semitendinosus in one limb; the con- 
tralateral muscle was used for biopsies obtained dur- 
ing halo hane anesthesia. In both cases the muscle 
was imrrersed in 10 volumes (per gram of wet weight 
o: muscl2) of isopentane in liquid nitrogen at —196 C. 
This allcwed complete freezing of the muscle sample 
within 5 seconds of excision. The muscle sample was 
then used for estimation of ATP, G-6-P, and PC using 
the coupled enzymatic method of Lamprecht and 
Stein.” 

Muscle samples used for pHo (ie, immediate) meas- 
urements were homogenized in 10 volumes of 5 mM 
iodoacetate (pH 7.0) and the pH was measured using 
a pH meter. Muscle samples used for pH, (ie, 1 hour 
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after sampling) determinations were incubated for 1 
hour in a moist nitrogen atmosphere at 37 C. There- 
after they were treated in the same way as pHo 
samples. 


Statistics 


Student’s t-test was used to determine statistical 
significance. Degrees of freedom were N-2 where N 
was the number of pigs used in each determination. 
Not all of the pigs were used for each determination. 


Results 


Exposure to halothane identified nine of the 23 pigs 
as being susceptible to induction of MH by exposure 
to halothane. The remaining 14 pigs were considered 
halothane-resistant and were used as the control 
group. 


Effect of Anesthesia on ATP 


Under both barbiturate and halothane anesthesia 
ATP concentrations are similar (Tables 1 and 2). 
However, Table 3 shows that in susceptible pigs once 
MH becomes established ATP concentrations de- 
crease. The difference between ATP levels at the 
onset of the syndrome (x = 5.73 nmol/g) and just 
before death (x = 4.00 umol/g) is significant ( p < 
0.05). 


TABLE 1 


Effect of Barbiturate Anesthesia on ATP, G-6-P, PC, and 
pH* 


Test Susceptible Resistant N p 
pics pigs 
ATP X = §62 X = 5.66 
(umol/g) SD = 1.10 SD = 1.38 20 NS 
SE = 0.36 SE = 0.37 
Phospho- X = 15.80 X = 22.93 
creatine SD = 4.79 SD = 5.71 20 «0.01 
(umol/g) SE = 1.60 SE = 1.53 
Glucose-6- X = 1.47 X = 0.76 
phosphate SD = 0.85 SD = 0.66 20 <0.025 
(umol/g) SE = 0.28 SE = 0.18 
pHo X = 7.08 X = 7.23 
SD = 0.10 SD = 0.11 20 <0.01 
SE = 0.03 SE = 0.03 
pH, X = 607 X = 6.48 
SD = 027 SB = 0.12 20 «0001 
SE = 0.09 SE = 0.03 





* Results were analyzed using Student's t-test. pHo refers to 
pH measured immediately and pH, refers to pH measured 1 
hour after the muscle sample was taken (see text). 
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TABLE 2 
Effect of Halothane Anesthesia on ATP, G-6-P, PC, and pH 


Susceptible Resistant 


Test pigs pigs N p 
ATP X =509 X = 6.10 
(umol/g) SD = 1.44 SB = 2.14 20 NS 
SE = 0.48 SE = 0.59 
Phospho- X = 6.30 X = 16.74 
creatine SD = 3.16 SD = 5.88 20 <0.001 
(umol/g) SE = 1.05 SE = 1.63 
Glucose-6- X = 6.91 X = 2.75 
phosphate SD = 1.80 SD = 1.80 20 <0.001 
(umol/g) SE =0.60 SE = 0.50 
pHo X = 6.42 X = 6.93 
SD = 0.17 SD = 0.09 20 <0.001 
SE = 0.06 SE = 0.03 
pH, x = 5.95 X = 6.07 
SD z 0.36 SD = 028 15 NS 
SE = 0.15 SE = 0.12 
TABLE 3 


ATP, G-6-P, and PC Concentrations during Malignant 
Hyperthermia in Susceptible Pigs 


Time of Time of 
ro sample MR ep pc a 
induction induction 
min umol/g min 
1 6 6.76 5.35 8.17 19 
15 3.15 2.11 2.25 
2 5 6.49 7.89 8.45 15 
11 6.30 6.498 6.57 
3 30 5.93 6.93 6.95 39 
34 4.63 8.33 3.57 
4 6 4.36 8.51 3.38 
8 4.17 6.75 2.63 16 
15 2.32 4.65 2.16 
5 22 5. TD 8.95 4.32 
23 4.63 8.42 3.66 27 
26 3.61 8.33 2.54 


Effect of Anesthesia on PC 


Under barbiturate anesthesia pigs susceptible to 
induction of MH by exposure to halothane have 
significantly lower PC levels than do resistant pigs 
(Table 1). Under halothane anesthesia the PC levels 
in susceptible pigs are also significantly lower than in 
resistant pigs (Table 2). Table 3 shows that during 
MH phosphocreatine levels in muscle decrease pre- 
cipitously. 


Effect of Anesthesia on G-6-P 


Tables 1 and 2 also show that irrespective of the 
anesthetic used G-6-P levels are 2- to 3-fold higher in 
susceptible pigs than in resistant pigs. Absolute levels 
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of G-6-P are higher during halothane anesthesia than 
during barbiturate anesthesia (Table 4). 


Effect of Anesthesia on muscle pH 


Table 1 shows that under barbiturate anesthesia 
muscle pH of susceptible pigs is significantly lower 
than that of resistant pigs. A similar difference is 
observed in muscle pH under halothane anesthesia. 


Effect of Anesthesia on Muscle Metabolism 


Table 4 summarizes the effects of halothane on 
muscle metabolism. In both resistant and susceptible 
groups of pigs halothane significantly lowers PC levels 
and pH, and increases G-6-P levels. ATP levels, how- 
ever, remain unchanged until the syndrome is well 


established. 


Effect of Halothane on Rectal Temperature 


Table 5 shows the effect of halothane anesthesia on 
rectal temperature. In both MH-resistant and -suscep- 
tible pigs initial rectal temperature is similar. How- 
ever, in susceptible pigs the temperature increases 
rapidly and within 2 minutes is significantly higher 
than initial temperature ( p < 0.01) and is significantly 
different ( p < 0.005) from the 2-minute temperature 
of resistant pigs. In the resistant pigs the temperature 
rises more slowly but by 5 minutes is significantly 
higher than the initial temperature ( p < 0.05). There- 
after the temperature remains stable. In the suscepti- 
ble pigs the temperature continues to rise and at death 
(about 20 minutes postinduction) is 3 C higher than 
initial temperature. This represents a temperature rise 
of 9C per hour. 


TABLE 4 


Effect of Halothane Anesthesia on ATP, G-6-P, PC, and pH 
in Pigs Resistant to and Susceptible to Induction of MH by 
Exposure to Halothane 


Test Barbiturate Halothane N p 
ATP (umol/g) 
Resistant 5.66 6.10 25 NS 
Susceptible 5.62 5.27 16 NS 
Phosphocreatine 
(umol/g) 
Resistant 22.93 16.74 25 «0.01 
Susceptible 15.80 6.51 16 «0.001 
Glucose-6-phosphate 
(umol/g) 
Resistant 0.76 2.75 25 <0.001 
Susceptible 1.47 7.33 
pHo l 
Resistant 7.23 6.93 25 <0.001 
Susceptible 7.08 6.42 16 <0.001 





TABLE 5 


Effect of Falothane Anesthesia on Rectal Temperature 
(Mean) 


0-1 1-2 2-3 5 15 min 

min min min min or death 

Resistant 39.6 39.8 39.8 40.1 40.1 
pigs (C) 

Susceptibl = 39.7 40.4 40.6 41.0 42.6 
pigs (C) 

t .3300 3.8217 5.883 5.4216 8.6206 

N 20 20 20 20 20 

p NS <0.005 <0.001 <0.001 =<0.001 


Discussion 


The elasiveness of the underlying lesion in MH lies 
in part iz: the biphasic nature of the syndrome. The 
onset is zriggered by a variety of agents, especially 
halothan2, and is characterized by a rapid elevation 
of temperature, by acidosis, and by muscle rigidity. 
Once initiated the process becomes independent of 
the tissue concentration of halothane.? Muscle is con- 
sidered t5 be the site of the primary lesion as this is 
the most likely source of heat, lactate, and the in- 
creased eerum levels of creatine phosphokinase char- 
acteristic of the syndrome. However, the lesion in 
rruscle remains obscure. It has not been determined 
whether the defect lies in an abnormal triggering 
effect preduced by the causative agent or whether the 
svndror= occurs as a result of a lesion not associated 
with the triggering mechanism. 

The results presented in this paper suggest that the 
effect of halothane on aerobic glycolysis is similar in 
both MF -susceptible and -resistant animals. It is clear 
that muscle obtained from resistant pigs exposed in 
vivo to aalothane differs significantly from similar 
muscle enalyzed after 20 minutes of barbiturate an- 
esthesia. The effect of the halothane in resistant pigs 
is to prccluce a mild but significant increase in tem- 
perature (Table 5), a significant acidosis (Table 4), a 
significant increase in glycolysis as shown by the 
elevated G-6-P concentrations (Table 4), and muscle 
acidosis. The resistant pigs also show a significant 
decrease in muscle concentrations of PC when ex- 
posed tc halothane (Table 4). Although ATP concen- 
trations after halothane are not significantly different 
from comcentrations observed during barbiturate an- 
esthesia, the decrease in PC levels after induction of 
halothare anesthesia suggests a decreased restitution 
of this nigh energy phosphate storage compound. 
Apart from these quantitative effects of halothane we 
made tl clinical observation that during the initial 
exposur? to halothane resistant pigs showed a mild 
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rigidity and peripheral vasoconstriction. All of these 
events are likely to be due to rapid elevation of 
myoplasmic calcium levels? although convincing ev- 
idence for such an increase is lacking. However, it is 
important to note that only MH-susceptible pigs die 
as a result of exposure to halothane. Consequently we 
conclude from these findings that as both susceptible 
and resistant pigs have similar initial responses to 
halothane exposure, the underlying defect resulting 
in the malignant phase of the syndrome is not due to 
an abnormal triggering mechanism, but lies elsewhere 
in the muscle. 

The results obtained from susceptible pigs after 20 
minutes of barbiturate anesthesia when compared to 
data obtained from resistant pigs under similar con- 
ditions (Table 1) show that susceptible pigs have 
significant elevations of G-6-P concentrations while 
muscle pH and PC levels are significantly lower. This 
suggests that susceptible pigs are always in a state of 
anaerobic glycolysis. Although ATP concentrations 
are not significantly different, the lower PC levels 
suggest that there is either decreased restitution of PC 
or that PC is contributing to the maintenance of 
cellular ATP. The increased G-6-P levels suggest that 
there is an increased glycotic flux which would con- 
tribute to the maintenance of ATP levels but which 
would also lead to the accumulation of lactate if a 
mitochondrial defect was present. 

When susceptible animals are exposed to halothane 
and the biochemical changes occurring in the muscle 
are compared to those in muscle obtained after 20 
minutes of barbiturate anesthesia (Tables 2 and 4), it 
is clear that susceptible pigs show the same changes 
as resistant pigs. However, the decreases in PC and 
muscle pH and the increase in G-6-P that occur differ 
significantly from the changes occurring in resistant 
animals (Table 1) suggesting that the halothane-in- 
duced lesion is far more severe in susceptible animals. 
The characteristic changes seen in both groups of 
animals are indicative of a retardation or inhibition of 
mitochondrial respiration. The lesion cannot be in the 
glycolytic pathway as this is the only source of lactate. 
The accumulation of G-6-P also suggests an increase 
in glycogenolysis. 

Electron micrographs have shown that the main 
abnormalities present in skeletal muscle of MH sus- 
ceptible patients occur in mitochondria. Mitochon- 
dria have been found to be in various stages of 
degeneration so that cristae lie free in the sarcoplasm. 
It has also been reported that halothane exerts its 
pathologic effects mainly on the biologic membrane 
system and organelles.'* The anesthetic effect of hal- 
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othane is related to an expansion of cell membranes.’ 
As the whole group of pyruvate dehydrogenase en- 
zymes (pyruvate dehydrogenase, dihydrolipoyl trans- 
acetylase, dihydrolipoyl dehydrogenase) are known 
to occur in the mitochondrial membranes, it seems 
likely that in animals carrying the genetic defect 
predisposing to MH, halothane causes gross changes 
in already defective mitochondrial membranes in- 
hibiting dehydrogenation of pyruvate and thus in- 
hibiting aerobic glycolysis. In resistant animals it 
seems that a similar effect occurs without gross dis- 
figuration of the membranes. 

The consequence of inhibition of mitochondrial 
respiration is decreased mitochondrial synthesis of 
ATP. Although no significant decreases in ATP were 
seen in resistant pigs after exposure to halothane, the 
susceptible animals showed significant decreases in 
ATP starting 5 to 10 minutes before death (Table 3). 
Muscle PC concentrations fell concurrently. 

These findings suggest that halothane inhibits mi- 
tochondrial respiration in pigs in vivo and provide an 
explanation for the development of the characteristic 
rigidity, hyperthermia, and acidosis that occur during, 
MH. The rigidity could be due to inactivation of the 
sarcoplasmic reticulum (SR) calcium pump. Damage 
to the SR undoubtedly occurs during the syndrome. 
Inesi, Millman and Eletr'? have shown that high tem- 
perature alters the lipid and protein constitution of 
the SR. We have shown that calcium uptake by SR is 
inhibited by halothane and by temperatures of 40- 
43 C.8 Further, the loss of potassium ions from the 
sarcoplasm during MH? leads to a decrease in calcium. 
uptake by SR. A deficiency of ATP would further 
inhibit calcium uptake. In addition, ATP protects 
actomyosin against heat-induced loss of calcium sen- 
sitivity in both susceptible and resistant pigs.'? Thus, 
if the temperature increases and ATP levels decrease 
formation of actomyosin will occur independent of 
calcium concentrations.'* ? We have found that mag- 
nesium has an effect that is similar to, though less 
marked than, the effect of ATP at high temperatures 
(35-40 C) especially if ATP levels are low.? As mag- 
nesium ions leak into the plasma during MH? low 
intracellular magnesium may also contribute to the 
rigidity. 

The acidosis occurring during MH is clearly due to 
retardation or inhibition of dehydrogenation of py- 
ruvate, and the consequent production of lactate. The 
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reticulum of muscle of pigs susceptible to malignant hyperthermia. 
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acidosis potentiates the release of catecholamines 
which further accelerates glycogenolysis. 

Perhaps the most difficult characteristic of MH to 
explain is hyperthermia. In the data reported here 
temperature increased at a rate of 9C per hour. In 
our pigs (average body mass 30 kg) this represents the 
generation of 250 J/sec additional heat, or the hy- 
drolysis of 0.1 mol of ATP per second. Production of 
0.1 mo. of ATP requires the aerobic metabolism of 50 
g of glucose. It is unlikely that this is the source of 
heat energy because total body glucose is less than 
500 g (10 seconds’ supply), and because aerobic me- 
tabolism is inhibited. Further, since aerobic metabo- 
lism is inhibited hydrolysis of fats cannot contribute 
to the zeneration of heat. 

For :hese reasons nonoxidative mechanisms must 
be at least partly responsible for excess heat produc- 
tion. Cine source of anaerobic heat is glycolysis. Our 
results suggest a 2- to 3-fold increase in glycolysis. 
The release of catecholamines which occurs during 
MH” and which has been considered to be the car- 
dinal event in MH' will accelerate glycolytic flux and 
inhibit heat loss pathways by causing peripheral vaso- 
constriction. An additional source of heat may be 
accelerated substrate cycling of fructose-6-phosphate. 
Halothane has been shown to accelerate substrate 
cycling in susceptible pigs.” Last, hydrolysis of high 
energy phosphate compounds will yield heat. Our 
results show that PC levels fall rapidly after exposure 
to halothane. 

From these results we suggest then, that the key 
event m MH is the rapid onset of anaerobic glycolysis. 
The most likely mechanism of onset is rupture of 
mitochondrial membranes and inhibition of pyruvate 
dehydrogeneration. This leads to formation of lactate, 
decreased synthesis of ATP, and decreased restitution 
of phosphocreatine. The release of catecholamines 
and ar. increase in membrane permeability potentiate 
these effects and produce rigidity, hyperthermia, and 
acidosis. 

These results also suggest that skeletal muscles of 
MH-susceptible pigs are in a state of anaerobic res- 
piraticn even before exposure to halothane. It is, 
therefore, clear that any excessive nervous activity 
caused by stress or exercise will exacerbate the con- 
dition Further, although it seems likely that halothane 
both iaitiates and potentiates the syndrome any sub- 
stance which etiher initiates muscle contraction or 
distur»s the integrity of organelle membranes will 
precipitate the syndrome in susceptible animals. This 
observation could help to explain why a very wide 
range of drugs have been shown to cause MH. Most 


commonly these agents are anesthetics, and it is now 
well established that there is a good correlation be- 
tween lipid solubility and anesthetic activity. Non- 
anestheti drugs (e.g. succinylcholine) on the other 
hand wil: produce MH by initiating muscle contrac- 
tion. 

Finally muscle represents the largest mass of tissue, 
and consequently interference with metabolic path- 
ways in muscle can produce metabolic changes af- 
fecting the whole body. However, we must conclude 
that mitcchondria in all tissues will be affected by 
helothane with detrimental effects to the metabolism 
of these tissues. 


ACKNOWLEDGMENT 


We thark Dr. R. T. Naude of the Animal and Dairy Science 
Research Irstitute, Irene, South Africa, for help and advice. 


REFERENCES 


L Britt Ba, Kalow W, et al: Malignant hyperthermia: an investi- 
gation sf five patients. Can Anaesth Soc J 20:431-467, 1973 
2 Mitchel G, Heffron JJA: Procaine in porcine malignant hyper- 
thermiz: Br J Anaesth 6:667-668, 1975 
3. Hall GM, Lister D: Procaine and malignant hyperthermia. 
Lancet 1:208, 1974 
4. Hall LW, Trim CM, Woolf N: Further studies of porcine 
malignant hyperthermia. Br Med J 2:145-148, 1972 
5. Maclaclan D, Forrest AL: Procaine and malignant hyperther- 
mia. Lencet 1:355, 1974 
€. Britt BÀ: Etiology and pathophysiology of malignant hyper- 
thermi-. Fed Proc 38:44-48, 1979 
. Williams CH, Houchins C, Shanklin MD: Pigs susceptible to 
energy- metabolism in the fulminant hyperthermia stress syn- 
. drome. Br Med J 3:411-413, 1975 
E€. Bermar. MC, Harrison G, Bull AB, et al: Changes underlying 
halothzne-induced malignant hyperpyrexia in Landrace pigs. 
Nature 225:653-655, 1970 
o. Relton JES, Britt BA, Steward DJ: Malignant hyperpyrexia. Br 
J Anae:th 45:269-275, 1973 
10, Eikeler boom G, van den Bergh SG: Aberrant mitochondrial 
energy metabolism in stress-susceptib.e pigs. Second Interna- 
tional 3ymposium on Condition and Meat Quality in Pigs. 
Edited by JCM Hessel-de-Heer, et al. Holland, Pudoc Press, 
1971, pp 66-72 
1i. Hall GM, Lucke JN, Lister D: Treatment of porcine malignant 
hypertnermia. Anaesthesia 30:308-317, 1975 
12. Lamprecht W, Stern P: Creatine phosphate, in Methods of 
Enzymatic Analysis. Edited by H-U Bergmeyer. New York, 
Acade nic Press, 1975, p 610-616 
13. Isaacs 4, Frere G, Mitchell JA: Histological, histochemical and 
ultram croscopic findings in muscle biopsies from carriers of 
the trat.for malignant hyperpyrexia. Br J Anaesth 45: 860-868, 
1973 
14. Chang LW, Dudley AW, Lee YK, et al: Ultrastructural changes 
in the kidney following chronic exposure to low levels of 
halothane. Am J Pathol 78:225-242, 1975 
15. Glaub-r HS: Mechanisms of action of inhalational anaesthetics. 
S Afr Med Sciences 41:305-326, 1976 
15. Inesi G, Millman M, Eletr S: Temperature induced transitions 
of furction and structure in sarcoplasmic reticulum mem- 
branes. J Mol Biol 81:483-504, 1973 
17. Deleted in proof 


SI 


ANESTHESIA AND ANALGESIA 
Vol 59, No 4, April 1980 


255 


BIOCHEMICAL DEFECTS IN MALIGNANT HYPERTHERMIA 


18. Browne S, Duggan PF: Sarcoplasmic reticulum vesicles: a model anism of human skeletal muscle actomyosin: a possible con- 
system for anaesthesia studies. Biochem Soc Trans 2:1383- tributing factor in the rigidity of malignant hyperthermia. 
1385, 1975 Anesthesiology 42:584-589, 1975 

19. Green R, Mitchell G, Heffron JJA: Effects of temperature, 21. Lucke JN, Hall GM, Lister D: Porcine malignant hyperthermia. 
adenosine triphosphate and magnesium concentrations on the I. Metabolic and physiological changes. Br ] Anaesth 48: 297- 
contraction of actomyosin isolated from halothane sensitive 304, 1976 
and insensitive German Landrace pigs. Br ] Anaesth, in press 22. Clark MG, Williams CH, Pfeifer WF, et al: Accelerated sub- 
1980 strate cycling of G-6-P in the muscle of MH pigs. Nature 245: 

20. Fuchs F: Thermal inactivation of the calcium regulatory mech- 99-101, 1973 


Use of PEEP After Open Heart Surgery 


The efficacy of routine therapy with positive end-expiratory pressure (PEEP) following open heart 
surgery was evaluated in 24 patients during mechanical ventilation. The goal of therapy was prevention 
of left lower lobe atelectasis. Patients were randomly assigned to either a group receiving therapy 
with PEEP (10 patients) or to a group without PEEP (14 patients). The two groups could not be 
distinguished by age, weight, the forced expiratory volume in 1 second (FEV), the ratio of FEV, to the 
forced vital capacity, the time on bypass, the units of blood transfused, the tidal volume, or the 
duration of mechanical ventilation. There was no significant roentgenographic difference between the 
two groups in either the degree or frequency of left lower lobe atelectasis. While the arterial-alveolar 
oxygen ratios tended to improve over time in those patients receiving PEEP, this improvement was 
not clinically significant. No complications were encountered with the use of PEEP. The authors 
conclude that the routine use of PEEP following open heart surgery is safe but offers no advantage 
over standard ventilatory techniques. (Good JR, Wolz JF, Anderson JT, et al: The routine use of 
positive end-expiratory pressure after open heart surgery. Chest 76:397~-400, 1979) 

See also —Editorial. O'Donohue WJ: Positive end-expiratory pressure is no panacea. Chest 76:373— 
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Myocardial Reinfarction following 
Local Anesthesia for Ophthalmic 


Surgery 
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Backer, C. L., TiNKER, J. H., ROBERTSON, D. M., AND VLIETSTRA, R. E. Myocardial reinfarction 
following local anesthesia for ophthalmic surgery. Anesth Analg 59:25v -262, 1980. 


During the years 1962 through 1977, more than 10,000 ophthalmic ooerations at our institu- 
tion were managed with local anesthesia and/or retrobulbar block. Of these, 195 patients 
who urderwent 288 separate operations had previously suffersd a dozumented myocardial 
infarction (MI). Not a single postoperative reinfarction or death occurr2d in this group. During 
the same period, only 26 such operations were performed on 21 patients with prior MI under 
general anesthesia. This much smaller group also suffered no periope-ative reinfarctions. This 
zero percent reinfarction rate is significantly less than the 6.15 reinfa-ction rate previously 
reported from this institution for 587 operations on patients with docu mented preoperative MI 
who hed general or major regional anesthesia for nonophthalmic surgary. In the prior study, 
intrathoracic, upper abdominal, and great vessel operations, lasting 3 hours or more, were 
associated with significantly greater reinfarction rates than the total pepulation. Eliminating 
these from the prior series yields a 3.6% reinfarction rate for all other operations, which is still 
significantly greater than the zero reinfarction in the present series of ophthalmic procedures. 
The group that had general anesthesia for ophthalmic surgery is too enall for meaningful 
comparisons, and we cannot conclude that local is safer than general anesthesia. We do 
conclude that local anesthesia and/or retrobulbar block for ophthaimi& surgery does not pose 
specia risks for reinfarction in the patient with a preoperative MI. 


Key Words: HEART: infarction; ANESTHESIA: ophthalmologic; SURGERY: ophthalmologic. 


YOCARDIAL infarction (MI) during and fol- 

lowing general and major regional anesthesia 
has been reported to occur at a rate of approximately 
6% in patients who have either a documented prior 
MI”? or angiographically documented coronary ar- 
tery disease (CAD)? If the previous infarct occurred 
less than 3 months before anesthesia and surgery, 
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reinfarction rates as high as 27% and 3796^ * have been 
reported The reinfarction rate decreased to between 
1196 and 1676 if the prior MI was 3 to 6 manths old, 
and stab lized at about 696 in patients with infarcts 
older than 6 months.” * Patients without preoperative 
MI or CAD have considerably less risk of intra- or 
postoperative MI (approximately 0.13%).* ? 

The present study was undertaken to determine 
whether local anesthesia was associated with similar 
reinfarct on rates during and following surgery in 
these apparently high risk patients. We chose to study 
patients 1ndergoing major ophthaimic operations be- 
cause these surgical procedures are generally per- 
formed et our institution using local anesthesia (local 
infiltratien, retrobulbar block, and/or facial nerve 
block). These patients, often elderly, conceivably 
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anxious about undergoing major eye surgery while 
awake, represent a group that might be expected to 
undergo relatively great stress during surgery.’ Not 
surprisingly, peri- and postoperative Mls have been 
reported to comprise a significant source of postop- 
erative mortality in this group. 


Methods 


Utilizing the computerized listing of operations per- 
formed at the Mayo Clinic, we identified 10,278 oph- 
thalmic operations of types likely to have been per- 
formed under local/or retrobulbar block anesthesia 
during the 15 years from 1962 to 1977 inclusive. 
These records were then computer-scanned for a pre- 
or postoperative diagnosis of coronary artery disease. 
The 970 records so identified were individually re- 
viewed in detail. A preoperative MI had been diag- 
nosed in 195 patients by either: (1) unequivocal find- 
ings of MI in the 12-lead preoperative electrocardio- 
gram (67%); or (2) appropriate history accompanied 
by unequivocal earlier ECG (2796) or changes in levels 
of blood enzymes typical of MI (696). ECGs from 
other institutions were evaluated only when the actual 
tracing could be obtained. This definition of a prior 
MI is consistent with that of the World Health Or- 
ganization.? 

Patient data recorded for those with a prior MI 
included age, sex, time interval from prior MI, site of 
prior MI, and relevant preoperative medical problems 
such as diabetes and/or angina. Also noted were type 
of surgery, preoperative medication, American Soci- 
ety of Anesthesiologists (A.5.A.) physical status, an- 
esthetic technique including intravenous sedatives 
and/or narcotics, duration of the surgery and the 
procedure, and duration of postoperative follow-up. 
Evidence for postoperative reinfarction on pcstoper- 
ative days O to 7 was sought by chart review for 
historical, electrocardiographic, and/or enzymatic 
changes indicative of infarction. 

We were concerned with documenting each pa- 
tient's intraoperative course for the development of 
tachycardia, bradycardia, hypotension, or hyperten- 
sion. These four conditions were arbitrarily defined 
as a 3096 change in the pulse rate or systolic blood 
pressure from the value obtained immediately pre- 
operatively persisting for 10 minutes or longer during 
anesthesia and surgery. 

The results of this review were then compared with 
a previous study from this institution for the years 
1974 and 1975 on patients with identically docu- 
mented prior MI who underwent noncardiac, non- 
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opthalmic surgery under general or major regional 
anesthesia.’ Analysis was by either chi-square test or 
Student’s t-test, where appropriate, with p < 0.05 
considered significant. 


Results 


From 1962 through 1977, 195 patients undergoing 
288 ophthalmologic operations under local anesthesia 
had suffered a documented MI preoperatively (Table 
1). Not a single postoperative reinfarction or death 
occurred in this group. Two hundred fifty-five other 
patients undergoing 373 operations under local anes- 
thesia had preoperative CAD manifested by angina 
pectoris but without definite evidence of MI. Two of 
these patients (0.54%) had a postoperative MI; neither 
died. Two other patients from this latter subgroup 
died suddenly postoperatively between postoperative 
days 4 and 7, but an autopsy was not performed. Of 
the 9,617 ophthalmic procedures performed with local 
anesthesia in patients without documented evidence 
of preoperative CAD or MI, only one patient (0.01%) 
suffered a postoperative MI. During this same time 
period only 26 similar ophthalmic operations were 
performed on 21 patients with a preoperative MI 
under general anesthesia. No postoperative MI oc- 
curred in this small group, either. 

Men (n = 200) constituted 69% of the population 
of operations on patients with documented prior MI. 
Ninety percent of the population (male and female) 
was 60 years of of age or older; the average age was 
72 (Table 2). Of the population with prior MI 18% 
also had. preoperative diabetes; 40% had angina by 
history in addition to prior MI. We made no attempt 
to assess adequacy of preoperative control of any of 
these co-existing conditions. 

Prior infarcts were categorized as anterior (130 op- 
erations or 45%), inferior (90 or 31%), posterior (19 or 
8%), anterior plus inferior (6 or 2%) and subendocar- 


TABLE 1 

Relation of Preoperative Physical Condition to Postoperative 
Myocardial Infarction (MI) and Death Among Patients Having 
Ophthalmic Surgery with Local Anesthesia 


Preoperative MOO! Postoperative Postopera- 
2 opera- à 
condition : MI tive death 
tions 
Prior MI 288 (O0 0 
Suspected CAD,* no 373 2(0.54%)+ 2(0.54%)+ 
evidence MI 
No evidence prior 9,617 1 (0.01%) Not exam- 
CAD or Mi ined 


* CAD, Coronary artery disease. 
T Four different patients. 
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TABLE 2 
Age Distribution:of Population 
Age No. of operations 
0-49 1 (0.3%) 
50-59 33 (1196) 
60-69 78 (27%) 
70-79 124 (43%) 
80-89 49 (1796) 
90-99 3 (196) 


dial (13 or 5%). The location was uncertain in 30 
patients (9%). 

Because of the elective nature of most of these 
procedures, only nine operations were performed 
within 3 months of a verified MI, and only nine others 
within 3 to 6 months of an MI. None of these 18 
procedures was associated with reinfarction. 

There were numerous minor operations performed 
in the ophthalmologists’ offices (including "one snip”) 
procedures, chalazion removal, photocoagulation, 
etc). Twenty-one such operations were performed on 
patients with verified prior MI, without any recorded 
reinfarctions. These operations are not included in 
the tabulated results because there were no anesthesia 
personnel involved, and no vital sign records were 
available. 

All operations included in this review were per- 
formed in an operating room. “Local standby" at our 
institution means an anesthesiologist, resident, or 
nurse anesthetist physically present in the operating 
room at all times, with vital signs recorded every 5 
minutes, and a standard anesthesia record completed. 
ECG monitoring was standard in later years. Supple- 
mental oxygen was often administered. Eighty percent 
of these operations were for cataracts, retinal detach- 
ment, or other major intraocular problems (Table 3). 

Preoperative medication varied greatly, but usually 
included both a sedative/hypnotic and narcotic. Prior 
to 1974 ethchlorvynol (200 to 600 mg IM 2 to 3 hours 
prior to surgery) was the most commonly used seda- 
tive; it was generally replaced in later years by diaze- 
pam (5 to 10 mg IM 2 to 3 hours prior to surgery). 
Levorphanol 1 to 2.5 mg IM 1 to 3 hours prior to 
surgery) and meperidine (25 to 75 mg IM 1 to 3 hours 
prior to surgery) were the most commonly used nar- 
cotics. Although 8496 of the patients with verified 
prior MI were categorized preoperatively by the staff 
anesthesiologist or resident as A.S.A. class 2 or 3, 
patients were placed in À.5.A. Class 1, despite prior 
MI, before 19 operations (see Table 4). Eight patients 
were A.S.A. class 4. 

The details of the anesthetic depended on the type 


TABLE 3 
Types of Procedures 


Procedure No. of operations 


Ca'aract extraction 207 (7236) 


Herinal detachment 11 (496) 
Otrer intraocular 11 (4%) 
Plastic lid procedure 53 (18%) 
Miscellaneous 6 (2%) 


TABLE 4 
Preoperati* e Physical Status 


` A.S.A. physical status No. of operations (96) 


1 19 (696) 
2 97 (3496) 
3 145 (5096) 
4 8 (296) 
5 0 
Lrecorded 19 (796) 


and exterd of the procedure. Intraocular procedures 
were perkormed with facial nerve blocks ard retro- 
bulbar in ection, usually with 2% lidocaine with epi- 
nephrine (1:100,000). Total volumes injected varied 
from 5 to 10 ml. Lid procedures were performed with 
field bloczs, again with 296 lidocaine plus epinephrine 
(1:100,00C}. Volumes of anesthetic solutior. for lid 
procedures (n = 53) ranged from 2 to 10 ml. 

Of the procedures 106 (3796) required less than 1 
hour to complete; 149 (5296) required 1 to 2 hours. 
Thus, 8995 of the procedures lasted less than 2 hours. 
Average duration of anesthesia and surgery was 68 
+t 2 minu es (SEM). Time from incision to completion 
of closure averaged 44 minutes (Table 5). 

Intraoperatively, hypertension (defined above) oc- 
curred during 28 procedures (9.7%) and hypotension 
during 12 (3.9%), Tachycardia occurred dur:ng 2.3% 
of the prccedures and bradycardia during 2.996. 

No evicence regarding ventilation other than repir- 
atory rate could be obtained from the records. There 
were no -ecorded instances of acute respiratory dis- 
tress, resoiratory arrest, or the need for assisted or 
controllec ventilation. There were no intraoperative 
cardiac azrests. Narcotic antagonists were only occa- 
sionally enployed. 


Discussion 


We considered the 288 operations rather than the 
195 patients as separate entities for statistical analysis 
because fhe procedures were performed at different 
times anc each constituted a separate risk, Compari- 
son of the zero reinfarction rate in these 288 ophthal- 
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TABLE 5 

Duration of Procedures 
Procedure No. of 

duration operations (96) 

0-1 hr 106 (3796) 
1-2 hr 149 (5296) 
>2 hr 15 (5%) 
No record 18 (6%) 





mic operations performed on 195 patients under local 
anesthesia with the 6.1% reinfarction rate previously 
reported’ for 587 operations on patients with prior MI 
who underwent noncardiac procedures under general 
or major regional anesthesia indicates the difference 
to be highly significant ( p < 0.001 by chi-square test). 
Two postoperative myocardial infarctions did occur 
in 255 other patients (373 operations) in whom CAD 
was suspected or suggested, but who did not have a 
verifiable prior MI. This 0.54% incidence is not large 
enough to permit the speculation that perhaps CAD 
without MI is a greater risk than a “completed” MI. 

Obviously there are many complex differences be- 
tween operations performed under general and local 
anesthesia. We examined several important risk fac- 
tors found to correlate positively with the reinfarction 
rate in the previous study and attempted to correct 
for these factors by dividing both the local anesthesia- 
ophthalmic surgery group and the general anesthesia 
group into more appropriate subgroups. 

The previous study’ reported a positive correlation 
between reinfarction risk and duration of anesthesia 
and surgery (almost a linear function), especially if 
the procedure was thoracic, upper abdominal, upon 
the great vessels, and longer than 3 hours. Because 
most of the ophthalmic procedures lasted less than 2 
hours, we corrected for duration of anesthesia by 
comparing only procedures in the two separate groups 
lasting between 1 and 2 hours. The reinfarction rate 
for ophthalmic procedures under local anesthesia is 
still significantly lower than that for procedures of 
similar duration under general or major regional an- 
esthesia (0% vs 3.2%,’ p < 0.05). Breakdown of the 
"general anesthesia" group in a different way by 
eliminating all higher risk intrathoracic, upper ab- 
dominal, great vessel, and lengthy (greater than 3 
hours) operations again indicates the reinfarction rate 
associated with local anesthesia for ophthalmic sur- 
gery to be significantly lower (0% vs 3.696,! p < 0.01) 
(Table 6). 

Other variables associated with significantly in- 
creased reinfarction rates under general anesthesia 
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TABLE 6 

Relation of Myocardial Reinfarction (MI) to Preoperative 
Condition, Type of Anesthesia, and Length and Type of 
Procedure 





Preoperative condition Popula- Anesthe- Reinfarction 
tion sia (%) 
Documented prior Mi 288 Local 0 
587 General 36 (6.196) 
Documented prior MI; pro- 149 Local O 
cedure 1-2 hr 182 General 6 (3.3%) 
Documented prior MI; pro- 164 Local 0 
cedure 1-3 hr; not tho- 329 General 12 (3.6%) 


racic, upper abdominal 
or great vessel 





included preoperative hypertension, intraoperative 
hypotensive episodes, and recent prior MI.’ Preoper- 
ative hypertension was not examined in the present 
study. No reinfarctions occurred following the 12 
procedures (3.9%) with intraoperative hypotension or 
in the groups with MIs either 3 months or less pre- 
operatively (nine procedures) or 3 to 6 months pre- 
operatively (nine procedures). This contrasts with the 
previously reported group of patients undergoing 
noncardiac surgery under general or major regional 
anesthesia in which reinfarction rates of 27% and 11% 
were noted for the above two time periods, respec- 
tively.’ The difference between the zero reinfarctions 
in 18 operations in patients having local anesthesia 
with infarcts less than 6 months old and the six 
reinfarctions reported in 33 operations in patients 
with infarcts of similar age having general anesthesia 
is of borderline statistical significance (0% vs 18%, p 
= 0.054, chi-square test). 

The ophthalmic surgical patients had about the 
same incidence of diabetes (18% vs 21%) and angina 


(4096 vs 34%) as the previous study population, as 


well as similar sex ratios (69% vs 79% males) and 
infarct location patterns. Ophthalmic patients were 
significantly older (mean of 72 vs 67, p « 0.001). 

The above findings are subject to a number of 
potential errors. The study was retrospective and 
therefore some patients with prior MI who underwent 
ophthalmic surgery might have been missed. How- 
ever, all patients more than 40 years of age undergoing 
surgery were required to have a preoperative ECG 
which was read by a cardiologist. Obviously various 
types of MIs, especially subendocardial infarctions, 
could have been missed, but we see no reason why 
this error should be different in the groups having 
general or local anesthesia. 

Another possible error relates to the early discharge 
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of ophthalmic patients from the hospital before 7 
postoperative days have passed. The average hospital 
stay after the 288 ophthalmic operations on patients 
with vezified prior MIs was 3 days. Nonetheless, these 
patients were followed regularly as outpatients for an 
average of 10 days by their ophthalmologists for 
evaluation of a number of possible complications that 
could lead to loss of vision. We feel this was an 
adequa-e avenue for the reporting of significant chest 
pain or other symptoms. The possibility of a "silent" 
postoperative MI is not considered common and was 
just as likely in the previous study. Positively, the 
retrospective nature of such a study, while failing to 
allow controlled design, nonetheless does not suffer 
from the possibility that clinical practices may be 
altered merely by the knowledge that such a study is 
underway.!? 

The oresent series was obtained during the years 
1962 through 1977. The "general" anesthesia series! 
was ob-ained from 1974 through 1975. Although the 
data bases thus differ, the incidence of reinfarction in 
the 1974 to 1975 patients did not differ significantly 
from that reported by Tarhan et al* from our institu- 
tion in patients anesthetized during 1967 and 1968. 
Also, the near zero overall incidence of postoperative 
reinfarction, reported herein over a 15-year period 
negates the likelihood of significant changes in inci- 
dence cccurring with time. | 

Another potential criticism of the comparison is the 
possibiity that the relatively high (696) incidence of 
reinfarction associated with general anesthesia was 
higher than would be expected nationally. Against 
this is -he rather general agreement represented by 
the 6% reinfarction incidence reported in other ret- 
rospect.ve studies.” Prospective studies have re- 
ported a similar increased incidence of reinfarction in 
patients with prior MI." 

With respect to ophthalmic surgery, several studies 
have recommended that general anesthesia be used 
for all but the most trivial ophthalmic proce- 
dures.” ** * Two studies'* ** that have compiled over- 
all mortality rates for general vs local anesthesia in 
ophtha_mic surgery have concluded that there is little 
difference in terms of morbidity and mortality follow- 
ing ophthalmic surgery performed with general or 
local anesthesia. In these two studies, however, the 
potentially high risk groups of patients with prior MI 
were not evaluated separately. Wolf et al” reported 
on 2,217 patients who had surgery under general 
anesthesia with excellent results. Sixty-four of these 
patients had suffered a prior MI, and there was one 


possible postoperative infarction reported. With this 
small nuriber of patients a statistically significant 
difference cannot be demonstrated since the expected 
incidence >f reinfarction is only 6%. 

Because so few patients with a prior MI in our 
study had general anesthesia (21 patients, 26 opera- 
tions), we cannot categorically conclude that local 
anesthesie in these patients is safer than general or 
major reg-onal anesthesia. Nonetheless, the reinfarc- 
tion incid»nce in patients with prior MI undergoing 
general aresthesia for less than 3 hours who did not 
have intrathoracic, great vessel, or upper abdominal 
procedures was still significantly higher than zhe zero 
incidence in our significantly older ophthalmic pa- 
tients wita prior MIs who had local anesthesia. 
Clearly, a direct comparison of local vs general anes- 
thesia, arrong similar patients having similar proce- 
dures by he same surgeons at the same inszitution, 
would be required to prove whether the type of 
anesthesia. or the type of procedure is the most 
important factor accounting for differences in rein- 
farction rete. Based on our findings that potentially 
high risk sphthalmic patients with a preoperative MI 
do well w.th local anesthesia we would tend to con- 
tinue thai practice. We conclude that opkthalmic 
procedures can be performed under local anesthesia 
and/or re robulbar block with trivial risk of periop- 
erative remfarction in patients who have su:fered a 
prior MI. 
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Pneumopericardium following Laparoscopy 


Pneumopericardium and subcutaneous emphysema developed several hours following an otherwise 
uncomplicated laparoscopic tubal ligation. Under general anesthesia, with endotracheal intubation 
and mechanical ventilation, laparoscopy was performed using a Veress needle and insufflation with 
5 L of carbon dioxide. Following coagulation of the Fallopian tubes, the abdomen was desufflated and 
the incisions were closed. Awakening from anesthesia was without incident. About 6 hours after the 
procedure the patient complained of chest pain. Subcutaneous emphysema was present in the neck 
and anterior chest, but not in the abdominal wall. There was clinical and x-ray evidence of 
pneumopericardium, without a pneumothorax. No specific therapy was required. By the fourth 
postoperative day physical examination was normal except for localized subcutaneous emphysema 
above the clavicles. Pneumopericardium appears to be an alarming but benign rare complication of 
laparoscopy. (Nicholson RD, Berman ND: Pneumopericardium following laparoscopy. Chest 76:605- 


607, 1979) 
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Expired gas flow volume (Vg), carbon dioxide excretion (Vco,) and oxygen consumption (Vo,) 
were measured continuously for 2-minute periods at 15-minute intervaE during at least 75 
minutes of general anesthesia and surgery in clinical patients. Analog tape-recorded outputs 
from an infrared CO» analyzer, from a rapid polarographic Os; analyzer. and from a pneumo- 
tachograph were subsequently processed by a general purpose digital computer. Values for 
Ve, Vco4 and Vo, in a group of 50 normal paralyzed endotracheally intubated women with 
balanced N2O-O;s-fentanyl anesthesia for lower abdominal surgery compare favorably with the 
few published reports of similar measurements. The measured -esponse to anesthesia and 
surgery in most patients included a progressive increase in Os uptake and a concurrent but 
not necessarily simultaneous decrease in CO, output with a consequemt decreased respiratory 


gas exchange ratio (Rg). 


Key Words: MEASUREMENT TECHNIQUES: pulmonary gas exchange; CARBON DIOXIDE: output; OXYGEN: up- 


take. 





OMPUTER-ASSISTED measurement of the vol- 

ume of expired gases provides a rapid and 
reproducible method for monitoring patients during 
critical care and anesthesia. Adequate gas exchange at 
the pu.monary level indicates that during anesthesia 
basal metabolism is not overly depressed, tissue per- 
fusion and cardiac function are not compromised, and 
pulmoaary perfusion and ventilation meet physio- 
logic demands. Acute changes in the volumes of 
expired gases will give rapid warning of drastic cir- 
culatory or pulmonary incidents such as air embolus 
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or pulmomary infarct. Less rapid changes may indicate 
the develepment of hypoxemia, malignant hyperther- 
mia, or h~povolemia. 

Noninvasive monitoring of cardiopulmonary func- 
ticn and metabolism is widely applicable in both 
anesthesi 1 practice and critical care medicine. Where 
arterial and mixed venous blood samples are avail- 
able, the measurement of pulmonary gas exchange 
can be used to calculate cardiac output with either or 
bath Vo, or Vco, using the Fick equation. 

The clmical studies included in this report were 
chosen from data from more than 200 patients ob- 
tained during anesthesia and surgery of at least 75 
minutes duration. With the exception of the total hip 
case included with the case reports, all of the present 
data wer obtained from endotracheally intubated 
subjects who were mechanically ventilated during 
drug-indaced muscular relaxation and balanced an- 
ecthesia. Data from a group of 50 normal women 
during Icwer abdominal surgery show the change in 
measurec. values with the duration of anesthesia and 
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propose a normal range of values for monitoring 
pulmonary gas exchange. 


Methods 


The basic measuring system consists of three si- 
multaneous continuous measurements from the ex- 
piratory flow of each breath: the CO; concentration 
measured with an infrared CO» analyzer (Godart KK), 
the Os concentration measured with a rapid polaro- 
graphic analyzer (Beckman OM-11), and the gas flow 
rate measured by a pneumotachograph (Fleisch 100- 
liter with Statham PM-97 differential pressure ma- 
nometer). The signals from these instruments were 
recorded simultaneously on tape using an FM analog 
tape recorder (Honeywell C-5600) or, currently, are 
introduced directly into a portable digital microcom- 
puter.” . 

The computer conversion of taped analog data to 
physiologic values requires three individual computer 
programs. The first stage or phase is the necessary 
conversion of the analog recording to digital data. 
Conversion consists of taking sample voltages of the 
analog tape at a rate of 40 Hz and converting them 
into an eight-character binary bit which is recorded 
in the computer memory. At each sampling of the 
analog tape the three channels of data are read si- 
multaneously and an identifying line number is re- 
corded in a fourth channel by the computer. This 
process takes no more time than did the original 
recording and the subsequent digital recording may 
be stored indefinitely. 

The program for the second stage of computation 
transfers the calibration data into the computer mem- 
ory. The tape is read and recorded; plateaus are 
recorded as numbers for three or more gas flow rates 
for the flow meter and standard gas concentrations 
for the gas analyzers. These digital numbers from the 
calibration plateaus are simultaneously entered into 
a polynomial fit program with the original calibration 
gas and flow data. From this program are derived the 
necessary coefficients for a polynomial equation to 
reconvert the digitalized data that has been stored in 
the computer memcry to the original gas percents and 
flow rates. 

The third computer program runs the digitized tape 
data through the computer, monitoring the air flow 
channel for numbers of a significant level. This elim- 
inates most errors due to signal noise or other artifacts 
on the tape and signals the beginning of a breath. 
When the numbers decrease in value below the sig- 
nificant level, the computer notes this as the termi- 
nation of the breath. This simple system of identifi- 
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cation and position cannot be used for the gas con- 
centration channels. The instruments’ response time 
lags are minimal, fractions of a second, but the tran- 
sition time from introduction of the breath sample to 
arrival at the detection cells is considerable, especially 
in surgery where space is restricted and longer transit 
tubes are required. Our laboratory studies indicate 
that these longer transit tubes do not modify signifi- 
cantly the volumes of gases measured with the system. 
These lags are determined in each clinical case and 
are entered manually into the computer, which is 
programmed to shift the data in each gas channel to 
the appropriate real time of the breath. The significant 
increase in numbers in the gas concentration channels 
begins after the initial dead space of the breath has 
been computed in the air flow or gas flow channel. 

The ultimate computer calculation is the multipli- 
cation of the gas flow rate at each %oth second by the 
corresponding CO»; concentration and the Os concen- 
tration obtained by subtracting the recorded concen- 
tration from the inspired Os concentration. The gas 
flow rate is simultaneously integrated using Euler's 
method to obtain the gas flow volume which is sum- 
mated to indicate the total volume of gas expired up 
to any instant in the expiration cycle. These data and 
the corresponding CO» and Oz volumes for each ‘oth 
of a second can be plotted to give a profile of gas 
consumption or excretion for each breath. Details of 
these procedures have been published elsewhere.’ 

Appropriate calibrations with assayed gas mixtures 
for the gas analyzers and constant gas flows, including 
anesthetic gases from the anesthesia machine mea- 
sured with a National Instruments Laboratories Vol- 
o-flo ball-type flow meter for the pneumotachograph 
calibration, were entered into the computer in each 
case. The volume of ventilation for each patient was 
determined by the clinical ventilator volume set for 
each case, usually approximately 10 ml/kg. This re- 
sulted in considerable variation for individual cases 
which was not immediately apparent due to the nec- 
essary delay in processing taped data. 

Taped data were collected continuously for 2-min- 
ute periods at 15-minute intervals during clinical an- 
esthesia from the time of endotracheal intubation to 
the end of the surgical procedure. The time intervals 
were varied slightly to obtain as steady a state as 
possible during anesthesia and surgery. The patients 
received narcotic-hydroxyzine-glycopyrrolate pre- 
medication and sodium thiopental-O; induction with 
succinylcholine preceded by curare for muscle relax- 
ation and intubation. Anesthesia was maintained with 
N5O-fentanyl and tubocurarine or pancuronium bro- 
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mide for muscle relaxation throughout the case. In- 
stitutional approval for this investigation and in- 
formed consent were obtained. 

In order to obtain a range of values for pulmonary 
gas exchange during anesthesia in normal women, a 
control group of 50 cases were anesthetized by the 
same enesthesiologist using comparable anesthetic 
procedure insofar as possible. Drug dosage was gov- 
erned by the conduction of the case, not by calculated 
amoun:s by weight. Cases with undue blood loss, 
hypotension, or resistance to drugs, requiring larger 
than usual dosages, were eliminated from the study. 
Due to the lack of a suitable Os analyzer, only Vg and 
Voo, were measured for the initial cases. The mea- 
surement of both Vo, and Vco, was obtained in 27 
cases, which included 12 patients in the control group. 


Results 


The mean pulmonary CO» excretion per minute 
during general anesthesia with mechanical ventilation 
for lower abdominal surgery in 50 normal women 
measured after each of five 15-minute periods of 
anesthesia is given in Table 1. This table also shows 
these values corrected for the body surface area (BSA) 
in square meters (m?). 

Table 2 gives the measured pulmonary gas ex- 
change for each of 12 patients of the study group 
where both CO» and Os uptake were computed si- 
multareously. The Figure shows the means and stand- 
ard deviation for these values corrected for BSA in 
square meters of each patient and plotted for each 
time irterval. 

It is evident from these data that measured values 
for CO: output decreased during the Ist hour of 
general anesthesia and mechanical ventilation, and 
the O» uptake increased during the same period. Due 
to this divergence of values for Vco, and Vo, during 
anesthesia there was a progressive decrease in the 
calculated ratio for respiratory gas exchange (Rx). For 
most cases the Rg decreased to a level of approxi- 


TABLE 1 
CQ; Excretion during General Anesthesia and Surgery* 


Anesthesia duration (min) 


15 30 45 60 75 


mi fmin 
Total CO; excretion 173 163 155 148 143 
(n = 50) +39 +32 +30 +33 +31 
CO. excretion m? BSA 104 98 91 90 87 
(n = 50) +23 +19 +22 x21 +20 


* Values shown are means + SD. 


mately 0.5 during 1 to 2 hours of anesthesia but values 
as low as 2.35 were not unusual. 

The decreased Vco, during anesthesia was observed 
with few 2xceptions in the more than 200 patients we 
studied vho were paralyzed with muscle relaxant 
drags anc mechanically ventilated. Vco, did not de- 
crease in "wo patients with N9O-Os-tubocurarine an- 
esthesia with no narcotic for premedication or for 
maintenance of anesthesia and in the few patients we 
studied with spontaneous ventilation during anesthe- 
sie; one of these is included in the following case 
reports. o, was also measured in 27 of the 200 
patients. o, consistently rose throughout the surgical 
procedure: as long as blood pressure was maintained. 
Data obtzined from these few cases indicate that O» 
consumpzion may be more sensitive to transient de- 
creases ir blood pressure than is COs excretion. 

The rate of decrease of Vco, in a specific patient is 
necessari y proportional to the minute volume of 
ventilation. It is apparent from the data given in Table 
2 that there was variation in the minute volume of 
ventilation from patient to patient and the cas? reports 
show tha: there was variation in the minute volume 
of each patient during the surgery. The variations in 
minute volume noted in an individual patient with 
time are due to changes in patient pulmonary com- 
pliance rclating to depth of anesthesia and muscular 
relaxatior. and to extraneous factors such as changes 
in positien, retraction and packing, and surgeons' 
elbows. in 10 patients chosen randomly from the 
study grcip with mean minute volumes varying from 
3.4 to 5.5 L/min the differences in 15-minute interval 
measurements of Vco, varied from 1.1% to 3.2% of 
the mean. Analysis of the relation between Vco, and 
the minize volume of ventilation is not meaningful 
for this small number of patients with so few samples 
from each one. For many but not most of the patients 
studied to date there is good correlation (r = 0.80 or 
better) fcr the variation of Vco, and minute volume. 
With on—ine computation a more comprehensive and 


better controlled study of this relation will be possi- 
ble. 


Case Reports 


Tables 3 and 4 show data from one case with uncompli- 
cated anesthesia and surgery and from two cases in which 
there was considerable blood loss. The two cases presented 
in Table 3 were done on the same day with the same 
aresthesiz equipment and were women of camparable 
height anc. weight. Patient 2 was older and had a diagnosis 
of ovariar carcinoma. Surgery was complicated by blood 
loss of 1520 ml which was replaced as it occurred. At no 


265 


ANESTHESIA AND ANALGESIA 
Vol 59, No 4, April 1980 


NONINVASIVE MEASUREMENT OF GAS EXCHANGE 





TABLE 2 
CO; Excretion and O; Consumption (ml/min) during General Anesthesia 
CO» OQ» 
Caen Age BSA aha Anesthesia duration (min) Anesthesia duration (min) 
15 30 45 60 75 15 30 45 60 75 
yr m* L/min 
1 52 1.64 6.54 209 198 171 175 166 250 263 272 275 267 
2 28 1.89 5.29 193 198 178 176 157 187 181 191 209 206 
3 44 1.72 5.43 . 171 158 129 129 135 — 159 164 168 169 
4 39 1.58 4.95 134 126 116 104 98 161 161 156 196 211 
5 42 2.00 5.04 118 128 133 109 103 96 106 148 142 140 
6 36 1.67 6.49 174 161 154 149 152 177 177 178 152 203 
7 28 1.67 4.10 155 148 136 132 126 — 186 216 211 220 
8 44 1.70 5.05 114 117 114 110 104 202 223 251 257 259 
9 53 1.82 5.27 141 116 134 131 138 214 186 222 218 240 
10 28 1.50 4.62 153 168 165 168 159 161 158 165 171 167 
11 52 1.67 ,8.91 253 229 215 211 205 192 205 213 209 200 
12 36 1.52 5.75 212 207 190 201 204 192 198 187 217 210 
Mean 168.9 162.8 152.5 149.6 145.6 183.2 183.6 196.9 202.1 207.7 
SD +41.8 +38.1 +31.0 +363 +35.8 +40.2 +38.6 +38.7 +39.6 +37.1 
(60 mm Hg. These values are similar to those observed in the 
“4 patient 2 (Table 3) until blood loss became excessive at the 
e end of the 1st hour of anesthesia. Vco, appears not to have 
a : » app 
140 been affected but Vo, decreased when increased blood loss 
"E began even though blood pressure remained unchanged. 
2 The patient whose data are shown in Table 4 was a 63- 
E 120 year-old woman in the lateral position for placement of 
€ total hip prostheses. Preoperative hemoglobin level was 8 
ul g % and she was transfused from the time of endotracheal 
= intubation. Vo, was low in this patient from the first mea- 
q 100 surement at 21 minutes after intubation; it did not increase 
S in the Ist hour and then decreased to very low levels as 
» surgery progressed. Methyl methacrylate was used during 
4 80 the period preceding each of the last two measurements 
e (180 and 225 minutes after intubation). Ventilation was 
e spontaneous throughout this case and Veo, and alveolar 
S 60 Pco, remained at or near the postinduction levels. 
Q € O, Consumption 
- ; 
+ CO. Excretion : : 
à : Discussion 





i5 30 45 60 T9 


ANESTHESIA DURATION min. 


FIGURE. CO; excretion and O2 consumption during general 
anesthesia and mechanical ventilation for lower abdominal sur- 
gery. Pcints represent the mean and standard deviation for 
values per square meter of body surface area from 12 normal 
women. 


time in this case or in the case presented in Table 4 was the 
systolic blood pressure less than 100 mm Hg. 

Patient 1 in Table 3 shows the increase in Vo, and the 
decrease in Vco, seen in most patients under general anes- 
thesia. Though the volume of ventilation was not excessive 
(500 ml tidal volume, rate 10/min), the maximal alveolar 
Pco, which we find is very close to arterial Pco, in normal 
patients even under anesthesia, decreased from 28 to 20 
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The simultaneous measurement of Vco, and Vo, 
measures pulmonary gas exchange and this is essen- 
tially the measurement of the effective pulmonary 
blood flow, the pulmonary perfusion that is exposed 
to gas exchange. In the absence of measurements of 
cardiac output, noninvasive measurements showing 
normal levels of Vo, or Vco, indicate that cardiac 
output and pulmonary blood flow are adequate for 
basal needs. Vco, and Vo, may be used to calculate 
cardiac output in the Fick equation if arterial and 
mixed venous blood samples are available; values for 
both gas exchange and arteriovenous difference must 
be measured, not estimated from other values or 
assumed, if cardiac output is measured. 

An increase or decrease in Pco, of both expired gas 
and blood may be associated with a similar change in 
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TABLE 3 


Pulmonary Gas Exchange during Anesthesia and Hysterectomy 





Time after intu- 


Arteríal blood pres- 





Patient no Bidon Vent vol Veo, Vo; Alveolar Pco; ine Heart rate 
min mi ml/min ml/min mm Hg mm Hg beats/min 

T 11 5110 134 161 28 98/75: 77 

21 5096 126 161 26 110/70 66 

36 5134 116 156 24 110/65 64 

51 5026 104 196 23 104/70 64 

66 5134 98 211 22 110/70 66 

81 4841 68 z10 19 86/58 67 

96 5193 79 z69 21 100/65 65 

111 4859 66 <60 20 94/65 67 

2T 13 4829 127 146 30 86/50 64 

17 4826 122 150 29 114/70 81 

24 4838 121 152 30 140/75 78 

43 4720 80 164 21 140/85 78 

59 4791 66 170 18 124/70 74 

9ot 4823 78 "42 21 124/80 74 

99 4805 91 -54 23 94770 75 

117 5067 81 "45 21 104/80 80 

147 5121 79 "18 19 110/80 77 





* Patient 1 (no 126): height, 160 cm; weight 56.5 kg; age, 39 years; premecication, morphine sulfate (10 mg), hydroxyzine-HCI 
(25 mg), and glycopyrrolate (0.2 mg); anesthesia, N2O-Os-fentanyl, tubocura Ne; ventilation, mechanical ventilator. 

T Patient 2 (no 127): height, 159 cm; weight 56.5 kg; age, 62 years; premzdication, morphine sulfate (8 mg), hydroxyzine-HCl 
(25 mg), glycopyrrolate (0.2 mg); anesthesia, N2O-Os-fentanyl, tubocurarine; ventilation, mechanical ventilator. 

i Blood loss: 1500 ml, replaced with three units of transfused blood. 


TABLE 4 


Pulmonery Gas Exchange during General Anesthesia and Total Hip Feplacezzent* 





Time after intu- 


belion Vent vol Veo, ' Vo, 
mia mi ml/ min mí / min 
211 3167 160 130 
43 3958 183 153 
61 3929 187 163 
75ł 2929 150 130 
103 3614 174 140 
159 5120 160 115 
185 3546 147 77 
225 3771 169 101 


‘Arterial blood pres- Central venous 


pe as sure peer Tatp pressure 
ram Hg mm Hg beats/min cm H:O 

39 122/68 85 13 

38 136/73 80 14 

38 124/68 76 8 

41 130/68 84 8 

33 120/68 B1 7 

39 104/61 79 5 

35 109/66 78 12 

38 103/66 71 6 


* Patient (no 139): height, 163 cm; weight, 49 kg; age, 63 years; premedicet on, none; anesthesia, N20-Os-enflurane; ventilation, 


spontaneous. 
T Artsrial blood: pH 7.37, Pco,, 42 mm Hg; Po,, 95 mm Hg. 


i Estimated blood loss: 2500 ml. Blood replaced intraoperatively, 3% unit 


1500 ml 


Vco, but there is not a direct relationship. A change 


. in ventilatory volume produces an immediate effect 


on:ex»ired and blood Pco, and may change Woo, 
temporarily but total Vco, is still determined mainly 
by body production, the systemic circulation, and 
mechanisms of CO» transport. During anesthesia with 
mechanical ventilation Vco, usually decreases pro- 
gressively with a relatively small change in arterial 
and expired Pco,. We know from both clinical studies 


lactated Ringer's solution, 1000 ml, normal saline, 


and as yst unpublished animal experiments that this 
is possit e because the venoarterial CO» difference 
decrease; the amount of CO» released in the lungs 
bv a spejific volume of blood flow is less. Arteriove- 
nous Oc difference can also vary as Oz consumption 
changes *o meet body needs or circulation is altered, 
as may cccur with the increased cardiac perfusion and 
limited “sue perfusion of septic shock.” 

The validity of the Fick calculation for cardiac 
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output using measured values for pulmonary gas 
exchange and blood gas contents during clinical an- 
esthesia must still be investigated. However, we found 
very good correlation (r = 0.86) in dogs when the 
direct Fick measurement of cardiac output using 
Vco, from our method was compared with dye dilu- 
tion cardiac output determinations during pentobar- 
bital-tubocurarine anesthesia. 

Although the ventilatory tidal and minute volumes 
used for the patients in this study were moderate, the 
corresponding decrease in Poo, indicates that they 
were overventilated. This observation is supported by 
the fact that the few cases we studied with sponta- 
neous ventilation did not have a comparable de- 
creased Pco, and CO: output. There is also evidence 
that the more heavily narcotized patients may have 
less COs output because the few patients we studied 
without narcotic premedication or maintenance dur- 
ing anesthesia had higher CO» outputs. The-metabolic 
acidosis due to narcotic depression and anesthesia 
could be a significant factor which is masked by the 


concurrent respiratory alkalosis. The decreased body - 


temperature during surgery and mechanical ventila- 
tion and the volume and type of infused fluids are 
pertinent factors. The extent of renal bicarbonate 
excretion is also relevant to the study of CO; balance 
during anesthesia. 

The concurrent increase in Og uptake implies that 
reduced basal metabolism is not one cause for the 
decreased Vco,, but there are other factors which can 
increase the Os uptake. A lighter stage of anesthesia 
due to decreasing fentanyl effect increases Vo, in 
some patients but this is often modified by the de- 
creased surgical stimulation at the end of the case. 
Theye, Gronert, and Heffron? demonstrated an in- 
crease in Vo, with hypocapnic alkalosis in hyperven- 
tilated dogs. Patterson and Sullivan* also showed 
increased Vo, with respiratory alkalosis and the effect 
was enhanced by sodium bicarbonate infusion. Most 
of our patients received a liter of lactated Ringer's 
solution during the 1st hour of the case. Preliminary 
work to evaluate the effect of either intravenous lac- 
tated Ringer's solution or normal saline on Vco, and 
Vo, is as yet inconclusive. 

We have found no reports in the literature that give 
sequential values for pulmonary gas exchange during 
extended periods of anesthesia with mechanical ven- 
tilation under clinical conditions. Bain and Spoerel? 
obtained a mean value of 92 + 13 ml/m* BSA/min 
for Vco,.1 hour after induction of anesthesia in 17 
adult male and female patients during N?O-O»s-al- 
phaprodine anesthesia with controlled ventilation. 
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Our comparable value in 50 women was 89.8 + 21 
ml/m? BSA/min. Christensen? found in seven pa- 
tients during N2O-narcotic anesthesia Vco, was 184 
ml/min STPD. Our mean value for 50 women 15 
minutes after intubation was 157 ml/min STPD, con- 
siderably lower but Christensen does not give sex, 
height, weight, or premedication in his small number 
of patients. Nunn, Bergman, and Coleman! found 
mean Vo, to be 215 ml/min and Vco, 180 ml/min in 
17 patients of both sexes during N2O-O»-meperidine 
anesthesia and mechanical ventilation. The duration 
of anesthesia was less than 50 minutes for most of 
their patients, but the authors observed that the Rr 
and CO; output tended to decrease during the 1st 
hour of anesthesia. Westenskow and Jordan? mea- 
sured Vo, in 17 patients with mechanical ventilation 
during balanced anesthesia and found mean Vo, in 
24 measurements made at unspecified times during 
anesthesia to be 239.7 + 50 ml/min. 

Theye and Tuohy? measured Vo, during controlled 
respiration with halothane anesthesia maintained at 
the lowest concentration that would ensure freedom 
from movement. In the absence of premedication and 
without thiopental, average Vo, was 10096 of predicted 
conscious basal values with a range of 80 to 120% in 
10 patients. With premedication and thiopental Vo, 
averaged 8496 of predicted values but increased with 
time. In seven patients who received no premedication 
or thiopental but were paralyzed with either tubocu- 
rarine or succinylcholine intravenous drip Vo, was 
also 8496 of basal predicted values. 

Data for Vco, and Vo, from these reports are 
difficult to compare with each other and with our data 
because methods of measurement, measuring times, 
the types of anesthesia, and premedication were not 
controlled. But the results indicate that the type of 
anesthesia, the types of adjunctive drugs used and the 
combinations in which they were used, and particu- 
larly the effect of mechanical ventilation are major 
factors in determining Vo, and Vco, during anesthe- 
Sla. 

In conclusion, this report describes a noninvasive 


computer-asisted monitoring system for Vo, and ~ 


Vco, during anesthesia and presents preliminary data 
from clinical patients to illustrate its use. Vo, pro- 
gressively increases during anesthesia and surgery; 
Vco, decreases, though not necessarily simultane- 


ously with increases in Vo,. Decreases in Vo, are 


observed with moderate lowering of blood pressure 
before changes in Vco, become apparent; the clinical 
significance of this observation requires further in- 
vestigation. 
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Treatment of Lobar Atelectasis 


To evaluate the usefulness of fiberoptic bronchoscopy for seatment of acute lobar atelectasis, 31 
subjects were randomly assigned to treatment by fiberoptic -ronchoscopy followed by respiratory 
therapy for 48 hours, or to respiratory therapy alone for the same period. Respiratory therapy 
inc uded lung hyperinflation, coughing or tracheal suctioning, bronchodilator inhalation, and chest 
percussion with postural drainage, at 4-hour intervals. No sign-Hcant differences between groups with 
regard to restoration of volume loss were detected after the first treatment, after 24 hours, or after 48 
hours ( p > 0.20). The mean percentage resolution of volum: loss immediately after bronchoscopy 
(38%) closely approximated that after the first respiratory therzpy treatment in subjects who had not 
undergone bronchoscopy (37%). An air bronchogram proved - be a predictor of delayed resolution 
for both groups. At 24 hours, 26% of the initial volume loss was recovered in 11 subjects with air 
brcnchograms, whereas 20 subjects without air bronchograms demonstrated 83% resolution ( p <` 
0.021). These results suggest that fiberoptic bronchoscopy doe not add to respiratory therapy in the 
treatment of acute lobar ateleetasis and that an air bronch-gram predicts delayed resolution of 
collapse. (Marini JJ, Pierson DJ, Hudson LD: Acute lobar ate.ectasis: A prospective comparison of- 
fiberoptic bronchoscopy and respiratory therapy. Am Kev Re:pir Dis 119:971-978, 1979) 
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GAL, T. J., AND SURATT, P. M.: Resistance to breathing in healthy subjects following endotra- 
cheal intubation under topical anesthesia. Anesth Analg 59:270-274, 1980. 


To identify possible airway constriction following endotracheal intubation under topical anes- 
thesia, airway resistance (Raw) and specific conductance (sGaw) were measured with a body 
plethysmograph in six awake, healthy, nonsmoking men aged 23 to 29. Subjects were studied 
while breathing under four conditions: (1) through a large bore mouthpiece (control); (2) 
through an 8.0-mm internal diameter 25-cm long endotracheal tube held externally (external 
resistance); (3) while intubated with an identical endotracheal tube; and (4) following extuba- 
tion as they again breathed through the mouthpiece. To determine the effect of the lidocaine 
aerosol used for topical anesthesia prior to intubation, Raw was measured in six additional 
subjects before and after the upper airway had been topically anesthetized. Topical anesthe- 
sia produced no significant change in Raw or sGaw in these subjects. In subjects whose 
tracheas were intubated the mean values of Raw (in cm H20/L/sec) and sGaw (in L/sec/cm 
H2O/L) in each of the four above conditions were: control, 0.99, 0.30; external resistance, 
2.34, 0.13; intubation, 2.75, 0.11; and following extubation, 1.00 and 0.30. The increase in 
Raw and decrease in sGaw during tracheal intubation were significantly greater than the 
changes noted with subjects breathing through the tube as an external resistance (p < 0.01). 
Tracheal intubation increased residual volume and decreased vital capacity but did not alter 
functional residual capacity or total lung capacity. We conclude that tracheal intubation under 
topical anesthesia increases airway resistance more than the resistance produced by the 
addition of the tube to the control airway. This additional resistance reflects reflex narrowing 
of airways distal to the tube, which may be more severe in patients whose airways are not 


anesthetized. 


Key Words: AIRWAY, Resistance; INTUBATION, Endotracheal: airway resistance. 





NDOTRACHEAL intubation imposes a mechan- 
ical burden on spontaneously breathing patients 
in the form of a fixed upper airway resistance.’ Pre- 
vious work suggests that the fixed resistance of the 
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tube merely substitutes for the resistance of the upper 
airway.” However, our recent work strongly suggests 
that tracheal intubation also affects the airways distal 
to the tube since forced expiratory flows below mid 
vital capacity are reduced following intubation in 
awake subjects.? These changes suggest the likelihood 
of constriction in the peripheral airways which may 
further increase the work of breathing and impair gas 
exchange in patients whose tracheas are intubated. 
However, no direct measurements of airway resist- 
ance (Raw) have been made to identify constriction in 
these airways. 

The purpose of the present study was to determine 
whether endotracheal intubation increases resistance 


GAL AND SURATT 


in the airways distal to the tube. We, therefore, meas- 
ured Raw in subjects during normal breathing, during 
breathing through an externally held endotracheal 
tube, and while intubated. We assumed that if the 
Raw of subjects who were intubated exceeded the 
sum of their control Raw plus the resistance added 
by the endotracheal tube this would indicate increased 
resistance and therefore constriction in airways distal 
to the tube. 


Methods and Materials 


Six healthy male volunteers aged 23 to 29 served as 
subjects. All were nonsmokers with neither history 
nor symptoms of respiratory disease. The project was 
approved by the Human Studies Committee and in- 
formed consent was obtained from each subject. 


Physiologic measurements were performed with sub-. 


jects in the sitting position. All subjects were tested 
under four conditions: (1) while breathing through a 
25-mm i.d. mouthpiece (control); (2) while breathing 
through an externally held 8.0-mm i.d. 25-cm long 
endotracheal tube (external resistance); (3) after intu- 
bation with an identical 8.0-mm endotracheal tube; 
(4) 10 minutes after extubation. Eight to 10 ml of 4% 
lidocaine administered by an ultrasonic nebulizer 
(Mistogen) provided topical anesthesia of the airway. 
This was supplemented by occasional sprays of the 
same solution to the upper airway during laryngos- 
copy. The tube was inserted orally to its full depth 
just above the carina and the cuff was inflated to 
produce a leak-free seal. This was assured by instruct- 
ing subjects to inspire to near total lung capacity and 
then relax against an occluded mouthpiece. Airway 
pressure sensed by an aneroid monometer held con- 
stant for 5 seconds indicated that the seal was ade- 
quate. Vital capacity measurements and auscultation 
of the chest ensured that intubation was not endo- 
bronchial. When held externally for all measure- 
ments, the tube was curved to simulate its shape in 
the intubated subjects. 

Airway resistance (Raw) was measured by the 
method of Dubois, Botelho and Comroe! using a 
variable pressure, constant volume body plethysmo- 
graph. Raw measured at functional residual capacity 
(FRC) during panting at flows of 0.5 L/sec was con- 
verted to its reciprocal airway conductance (Gaw), 
which is directly related to lung volume in a linear 
fashion. In order to eliminate changes produced by 
variations in lung volume, Gaw was expressed as 
specific conductance (sGaw) by dividing Gaw by FRC. 
The FRC was measured by having subjects pant 


against a c.osed shutter at the end of a normal expi- 
ration. The mean values from 10 satisfactory meas- 
urements ef Raw and FRC were used. Total lung 
capacity (TLC) was calculated by adding inspiratory 
capacity (I7) from spirometry to FRC obtained ple- 
thysmogra»hically. Residual volume (RV) was calcu- 
lated by su»tracting the largest value for vital capacity 
from TLC. Vital capacity (VC) and its subdivisions 
were measured with a waterless rolling seal spirom- 
eter (Ohic Medical Products model 840) following 
each set o? plethysmographic studies. Subjects per- 
formed at east three vital capacity meneuvers during 
each testirz condition, and the largest value was used. 
Electrocardiograms were monitored continuously in 
all subject: and blood pressure measured periodically. 

The secuence of measurements began with the 
control pe -iod followed by subjects breathing through 
the externally held endotracheal tube (external resist- 
ance). Nert the subjects inhaled the lidocaine aerosol 
through a mouthpiece for 10 minutes, at which point 
pharyngezl numbness and difficulty swallowing were 
noted. The endotracheal tube was inserted orally by 
direct lan ngoscopy within 10 minutes of achieving 
this topic.l anesthesia. Following a 5-minute period 
of "acclirratization" to the tube, subjects entered the 
plethysmc-graph. Measurements after intubation were 
made 10 t 15 minutes following removal of the tube 
while the subjects again breathec through the mouth- 
piece. 

To determine the possible effect of the lidocaine 
aerosol o1 airway resistance in subjects whose tra- 
cheas were intubated, airway resistance was also 
measured in six additional healthy subjects before 
and after inhalation of 8 to 10 ml of 4% lidocaine 
administered by an ultrasonic nebulizer. These sub- 
jects thus received topical anesthesia of the airway 
but their racheas were not intubated. 

The daca were analyzed using Student's t-test for 
paired observations and are presented as means + 
standard =2rror of the mean (SEM). 


Results 


Baselire pulmonary function tests for the six 
healthy subjects are listed on Table 1 and indicate 
that the conventional spirometric indices (FVC, FEV;) 
for the most part exceeded predicted values.? Control 
Raw (0.92 + 0.09 SEM cm H2O/L/sec increased to 
2.34 + (.08 SEM (Fig 1) when subjects breathed 
through the external resistance. The increase in Raw 
imposed by the external endotracheal tube ranged 
between 1.2 and 1.5 cm H2O/L/sec. Following tra- 
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TABLE 1 
Baseline Pulmonary Function in Six Normal Subjects* 
Subject Age Height FVC 
yr com L 
1 25 178 5,90 (107) 
2 24 188 7.50 (123) 
3 25 188 5.80 (95) 
4 29 180 6.40 (115) 
5 23 188 6.40 (104) 
6 2 180 6.40 (115) 
Mean 25.6 184 6.40 
SEM 0.9 1.9 0.24 


FEV, FEV,/FVC Raw sGaw 
L " cm H;O/L/  L/sec/cm HO; 
sec L 

4.90 (101) 83 1.06 0.31 
5.80 (121) 76 1.40 0.22 
4.90 (103) 84 0.80 0.39 
5.00 (115) 78 1.03 0.26 
5.20 (108) 83 0.75 0.31 
5.60 (128) 83 0.95 0.32 
5.20 B1 0.39 0.30 
0.15 1.3 0.09 0.02 





* Abbreviations used are: FVC, forced vital capacity; FEV;, 1 second forced expiratory volume; FEV, /FVC%, forced expiratory 
volume in 1 second expressed as percentage of forced vital capacity; Raw, airway resistance measured at 0.5 L/sec; sGaw, specific 
conductance, the rec procal of airway resistance divided by functional residual capacity. Values in parentheses indicate percent of 


predicted value (Morris and associates’). 


cheal intubation all subjects demonstrated further 
increase in Raw to 2.75 + 0.10 SEM cm HeO/L/sec. 
Paired t-test indicated that this value was significantly 
greater than the Raw with the external resistance ( p 
« 0.01). Changes :n sGaw were in accord with these 
findings. Control sGaw (0.30 + 0.02 SEM) decreased 
to 0.13 + 0.02 SEM with the external resistance. 
During tracheal intubation sGaw (0.11 + 0.01 SEM) 
was significantly less than the external resistance ( p 
< 0.01). Following extubation both Raw and sGaw 
returned to contro: levels. The mean resistance of the 
tube, calculated by subtracting control Raw from that 
measured when the subjects breathed through the 
externally held tube, was 1.35 cm H2O/L/sec. At 0.5 
L/sec the resistance of the airways distal to the tube 
in the subjects who were intubated was calculated by 
subtracting tube resistance from total Raw. This mean 
value was 1.40 cm H2O/L/sec. 

Changes in lung volumes during the four experi- 
menta! conditions are listed in Table 2. FRC increased 
slightly in three intubated subjects, decreased slightly 
in two, and was ur.changed in the remaining subject. 
The mean value of 3.46 L did not differ significantly 
from control. Values for IC and TLC likewise did not 
vary significantly from control during any of the other 
conditions. However VC decreased and RV increased 
significantly both a*ter tracheal intubation and follow- 
ing extubation ( p « 0.05). 

Although insertion of the endotracheal tube pro- 
voked mild coughing, subjects had no subsequent 
discomfort after the tube was in place. Blood pres- 
sures and heart rates did not vary significantly from 
the control levels. Pharyngeal numbness began to 
subside by the end of the plethysmographic measure- 
ments in most subjects. Burning and irritation in the 
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AIRWAY RESISTANCE SPECIFIC CONDUCTANCE 


FiG 1. Airway resistance and specific conductance during the 
four experimental conditions. Data obtained from six subjects 
are plotted as mean values. Bars represent + SEM. * Values in 
parentheses give degree of statistical significance when com- 
pared to control by paired t-test. Measurements during endotra- 
cheal intubation differed significantly from the external resist- 
ance ( p « 0.01) when compared by paired t-test. 


chest and lower neck area were frequently experi- 
enced during the vital capacity maneuvers which fol- 
lowed. 

In the six subjects who received only lidocaine 
aerosol, mild coughing occurred following the initial 
breath of the mist. Following the aerosol treatment 
they demonstrated the same symptoms of pharyngeal 
numbness, difficulty in swallowing and vocal paresis 
noted by subjects who were lated intubated. 

Control Raw (1.21 + 0.1 SEM) decreased to 1.08 
+ 0.1 following the lidocaine aerosol (Fig 2), but this 
change was not significant. Changes in sGaw were 
also not statistically significant. 


Discussion 


This study indicates that Raw in healthy subjects 
whose tracheas are intubated under topical anesthesia 


"n 
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External resistance 


Endotracheal intubation 


After extubation 


3.55 + 0.17 3.46 + 0.15 3.50 + 0.18 
4.15 + 0.28 4.00 + 0.21 4.18 + 0.20 
7.70 + 0.30 7.47 + 0.25 7.67 + 0.18 
1.35 + 0.20 1.55 20:17) 1.49 + 0.157 
6.27 + 0.28 5.90 + 0.287 6.18 + 0.207 


TABLE 2 
Lung Volume Measurements during the Four Experimental Conditions* 
Control 

Functional residual capacity (L) 9.47 0:21 

Inspiratory capacity (L) 4.13 + 0.22 

Total lung capacity (L) 7.62 + 0.27 

Residual volume (L) 1.20 + 0.18 

Vital capacity (L) 6.38 + 0.24 





* Values are means + SEM. 


T po < 0.05 denotes significant difference from control by paired t-test. 
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AIRWAY RESISTANCE 
Fig 2. Airway resistance .and specific conductance before 
(control) and after lidocaine aerosol. Data from six subjects are 
plotted as mean values. Bars represent + SEM. 


SPECIFIC CONDUCTANCE 


exceeds the sum of the resistances of the tube and the 
control airway. The Raw in the airways distal to the 
tube in our subjects was calculated as 1.40 cm H3O/ 
L/sec. This value is 14196 of control Raw (0.99 cm 
HsO/L/sec) and thus suggests that tracheal intubation 
increases resistance in airways distal to the tube. The 
increase in Raw in airways distal to the tube is even 
more striking if a truly appropriate comparison of 
Raw is made. In subjects whose tracheas are intubated 
the tube bypasses the upper airways which normally 
account for at least one third of Raw during mouth 
breathing.? This one third represents a value of about 
0.33 cm H,O/L/sec in our subjects. Thus, control 
values for resistance of the airways below the tube 
would be 0.99 — 0.33 = 0.66 cm HeO/L/sec. In our 
subjects this value following tracheal intubation was 
about 1.40 cm HsO/L/sec or 210% of the hypothetical 
control value. 

These conclusions are based upon a mean calcu- 
lated value of 1.35 cm H2O/L/sec for the resistance 
of the endotracheal tube. This is similar to that re- 
ported by Sahn et al.’ However, Demers et al’ have 
reported that the resistance of an 8-mm endotracheal 


tube meascred in isolation is nearly 3 times this value 
at a constent flow of 0.5 L/sec (i.e., 3.7 cm H2O/L/ 
sec). This > alue is clearly not likely in our experimen- 
tal conditiens since the Raw measured with the tube 
as an external resistance to subjects’ control Raw was 
only 2.35. Furthermore, Raw measured in subjects 
whose tracheas were intubated (2.75 cm H2O/L/sec) 
was less than this value for the :ube resistance. As- 
sessing the resistance of the tube in isolation by 
recording a pressure drop during constant flow may 
overestimcte the effective resistance of the tube in 
vivo becat se of kinetic energy dissipation at the end 
of the tub»? 

FRC dic not change significantly in intubated sub- 
jects compared to the other experimental conditions. 
This suggssts that the glottis does not play a role in 
determiniag FRC in the adult as has been suggested 
in infants” ° The ability to inspire fully to TLC was 
also unaffscted by tracheal intubation. Thus the slight 
though significant decrease in VC was associated with 
an increa-ed RV. The RV also increased following 
extubation but was not accompanied by an increase 
in Raw. The latter may reflect residual small airway 
obstructicn too slight to be detected by changes in 
Raw. | 

Although the increased resistance in airways distal 


_ to the encotracheal tube most likely results from the 


presence œf the tube, the possible role of the lidocaine 
used for -opical anesthesia must also be considered. 
Since the aerosol was administered between measure- 
ments mede with the external resistance and tracheal 
intubatiom, it may have affected the latter. The lido- 
caine could have acted as a primary irritant and 
increased. Raw as has been shown in patients with 
reactive zirways.! To explore this possibility we 
administered lidocaine to six additional subjects. Fol- 
lowing tke lidocaine neither Raw nor sGaw changed 
significartly. This finding is in accord with studies of 
another .ocal anesthetic aerosol (bupivacaine) in 
healthy sabjects.'^ Thus lidocaine is not a likely cause 
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of the added Raw observed during intubation. Fur- 
thermore, it is possible that lidocaine, by reducing 
resting airway tone in some subjects, may have atten- 
uated increases in Raw elicited by the presence of the 
tube in the trachea. 

The most likely cause of the greater than expected 
resistance associated with tracheal intubation is reflex 
constriction resulting from airway irritation by the 
tube. The stimulation of airway receptors in the larynx 
and trachea with afferents in the vagus nerves could 
have accounted for the uncomfortable sensation noted 
by subjects as the topical anesthesia of the airway 
wore off.” Vagal stimulation affects intermediate 
bronchi and to a great extent more peripheral airways 
as small as 1-mm diameter.!? " Since the latter col- 
lectively have a large cross-sectional area, constriction 
in these airways will not alter measured values for 
Raw co as great an extent as constriction of the major 
bronchi. Raw measured during the standard panting 
maneuver may also be lower than actual Raw during 
normal quiet breathing in the presence of this lower 
airway constriction.” 

The topical anesthesia of the airway would appear 
to be a significant factor in reducing the bronchocon- 
strictive response to airway irritation. Lidocaine pro- 
vided adequate conditions for tracheal intubation and 
subjects appeared comfortable during measurements 
in the body plethysmograph. Although similar data 
are not available, it is reasonable to presume that 
patients whose airways are not anesthetized, would 
demonstrate a greater response to tracheal intubation. 

Recent. observations in patients during general an- 
esthesia support this speculation.” In healthy patients 
pulmonary resistance was increased more than ex- 
pected from the resistance of the tube, but the true 
magnitude of the airway response may have been 
underestimated by substitution of tube resistance 
measured in isolation for that of the upper airway. 
Patients with chronic obstructive pulmonary disease 
showed even greater increased resistance with tra- 
cheal intubation, emphasizing their enhanced respon- 
siveness to airway irritation by the tube. 

In summary, changes in Raw and sGaw in subjects 
whose tracheas were intubated were significantly 
greatez than when the subjects breathed through an 
identical tube held externally. We conclude that these 
changes represent an increased resistance in the air- 
ways distal to the tube. Although we cannot exclude 
factors such as psychogenic bronchoconstriction, the 
most likely cause of this increased resistance is reflex 
airway constriction involving vagal pathways.” Since 
these effects were observed in subjects whose airways 
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were substantially anesthetized, it is reasonable to 
speculate that the airway responses would be greater 
in patients whose tracheas are intubated without prior 
topical anesthesia or during inadequate depths of 
general anesthesia. 
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BASSON, M. D., AND CaRLSON, B. M: Myotoxicity of single and repeated njections of mepiva- 


‘caine (Carbocaine) in the rat. Anesth Analg 59:275-282, 1980. 


Young rats received single or repeated injections of 2% mepivacaine (Carbocaine) into the 
tibialis anterior or extensor digitorum longus muscles. Repeated injecticns consisted of six 
injections of the anesthetic (100 ul per injection into the tibialis anterior on three different 
schedules, at intervals of 21⁄2 hours, 24 hours, or 4 days. The muscles fnat had been given 
injections were examined histologically for evidence of myotoxicity at O-to 7 and 20 days after 
the last injection. Single injection studies showed that mepivacaine is a myotoxic drug, pro- 
ducing z lesion which ultimately results in the degeneration and subsecuent regeneration of 
large amounts of muscle. A similar picture was seen with repeated injections except that 
greater ‘issue destruction was noted. Long-term studies following a single injection of mepiva- 
caine showed restoration of the original muscle structure whereas after repeated injections 
some muscles showed persisting foci of increased interstitial connective tissue. This study 
shows that in rats 2% mepivacaine is a myotoxic drug, but that the dan age it produces is to a 
large extent restored by the regeneration of new muscle fibers. 


Key Wards: ANESTHETICS, Local: mepivacaine; MUSCLE, Skeletal: bcal anesthetic toxicity. 


HE LOCAL anesthetics currently in clinical use 

are widely believed to lack local toxic effects.’ 
However, students of skeletal muscle regeneration 
have for some time used bupivacaine (Marcaine) to 
induce degeneration of skeletal muscle in lower mam- 
** There have been scattered reports of the 
induction of degenerative changes by other anes- 
thetics.°"° Regeneration physiologists have been in- 
terested in the ability of local anesthetics to cause 
muscle degeneration because this provides a tech- 
nique for the production of a uniform population of 
myoblasts for studies on the physiology’? and bio- 
chemistry '* of regenerating muscle. Except for bupi- 
vacaine there has been relatively little systematic work 
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documenüng the myotoxic effects of single or re- 
peated dcses of other local anesthetics. The question 
of whether these degenerative changes might produce 
permanert damage to muscle deserves further atten- 
tion. In tkis study the myotoxicity of the local anes- 
thetic me»ivacaine (Carbocaine) was evaluated in the 
rat. 


Materials and Methods 


Experiments were conducted on 95 male Sprague- 
Dawley rats (Charles River). In preliminary experi- 
ments im olving the extensor digitorum longus (EDL) 
muscle 25 1-month old rats (80 to 100 g each) were 
used. [n experiments involving single and repeated 
injection: the tibialis anterior muscles of 69 rats (150 
to 200 g each) were used. The local anesthetic em- 
ployed ir these experiments was a commercially sup- 
plied 2% solution of mepivacaine hydrochloride (Car- 
bocaine, Winthrop). The solutions were injected 
through standard 25-gauge needles. Each EDL muscle 
in three rats was penetrated once by the needle alone 
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as a control for possible effects of mechanical trauma 
alone. 

In a preliminary series, one EDL muscle in 15 rats 
(anesthetized with ether) was surgically exposed and 
50 ul of the anesthetic was injected once along its 
longitudinal axis. The contralateral muscle in each rat 
was given an injection of 0.996 saline as a control. 
Muscles were removed for histologic examination 


1/5] 3 (seven rats), 4 (three rats), 5, 7, 8, and 9 days 


after injection. Observations in the single injection 
series were clustered around the 3- to 4-day interval 
because this represents the optimal time for assessing 
muscle damage and early repair in the rat. 

In a final preliminary experiment the EDL muscle 
was surgically exposed and 50 ul of mepivacaine was 
introduced around the muscle but not injected into it. 
On the control side, equivalent treatment with saline 
was used. The eight experimental muscles were re- 
moved and examined at 3 (four rats), 7, 14, and 38 
(two rats) days after exposure to the anesthetic agent. 

Seven rats were given single percutaneous injec- 
tions of 100 pl of mepivacaine into one tibialis anterior 
muscle and an egual amount of the carrying solution 
(without the anesthetic agent) into the contralateral 
muscle. One experimental and one control muscle 
were examined histologically each day from 1 to 7 
days after injection. 

In the experimental series involving repeated injec- 
tions into the tibialis anterior muscle, the hypodermic 
needle was inserted percutaneously into the distal tip 
of the muscle, pushed upward to the proximal origin 
of the muscle, and then withdrawn slowly as 100 ul 
of mepivacaine was injected. Four muscles in two rats 
were given injections of 1% trypan blue and examined 
10 minutes later as a check on the accuracy of the 
injections. 

There were three series in which rats received six 
injections of mepivacaine according to’ different 
schedules. Rats in series A (11 animals) received 
injections every 2% hours. Muscles were examined 
histologically at 1, 2 (three rats), 4 (two rats), 7 (three 
rats), and 20 (two rats) days after the last injection. 
Rats in series B (25 animals) were given injections 
every day for 6 days, and the muscles were examined 
histologically at 1 hour, 1 (six rats), 2, 3, 4 (four rats), 
5, 6, 7 (four rats), and 20 (six rats) days after the last 
injection. Rats in series C (24 animals) were given 
injections every 4 days and muscles were fixed and 


— 


+ Absence of a number in parentheses indicates that muscle 
from one rat was obtained for histologic examination at the time 
indicated. 
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examined histologically at 1 (four rats), 2, 3, 4 (five 
rats), 5, 6, 7 (four rats), and 20 (six rats) days after the 
last injection. One rat died during the series of injec- 
tions. 

All rats of series A to C were given injections of 
anesthetic in one leg while the contralateral tibialis 
anterior was subjected simultaneously to one of a 
variety of control procedures including insertion of 
the needle without injection, injection of 100 ul of 
isotonic saline, or injection of 100 pl of a NaCl and 
KCI solution prepared to be identical with the vehicle 
used for anesthetic carriage. The sterile saline, used 
clinically for intravenous infusion, had a pH value of 
5.4. Both the anesthetic and the prepared vehicle had 
a pH value of 5.65. | 

At the time of sacrifice, the tibialis anterior muscles 
were removed, weighed and, after gross inspection, 
fixed in Bouin's solution. Cross-sections for histologic 
examination after staining with hematoxylin-eosin 
were taken from the proximal third of the muscle to 


-avoid possible scarring due to multiple needle inser- 


tions in the distal region to locate the muscle. 
Results 


Single Injections of Mepivacaine 


Neither the mechanical trauma of the needle alone 
(six muscles), the injection of saline (15 muscles), nor 
the injection vehicle for mepivacaine (seven muscles) 
resulted in significant damage to the muscle fibers in 
the control muscles of the single injection series. A 
typical example of a control muscle is seen in Fig 1. 
In no case were more than 50 damaged muscle fibers 
seen in a control muscle. In contrast, both a single 
injection of mepivacaine directly into the muscle (22 
rats) (Fig 2) or infiltration of the anesthetic onto the 
undamaged surface of the muscle (eight rats) (Fig. 3) 
produced widespread histologically evident damage. 
The histologic course of degeneration and regenera- 
tion of muscle fibers following a single injection of 
mepivacaine was similar to that reported in other 
descriptions of regeneration of skeletal muscle. ** “4 
A summary of the course of events based upon 30 
muscles, obtained daily from 1 to 9 and 38 days after 
a single exposure to the anesthetic, is presented below. 
At any given time there was little variation between 
specimens in either the size of the lesion or the 
histologic stages of degeneration and regeneration 
within the muscles. 

One day after a single injection of 100 ul of mepi- 
vacaine into the tibialis anterior muscle the lesions 
typically occupied about 3096 of the cross-sectional 
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Fig 1. Damaged muscle fibers along the needle track (arrows) 
3 days after a single injection of 50 yl of saline into the extensor 
digitorum longus (EDL) muscle of the rat. Only a small number 


area of the muscle, although some lesions were con- 
siderably smaller. Grossly, the muscles were edema- 
tous and reddened. The lesions typically had an is- 
chemic core, with the muscle fibers in this area un- 
dergoing limited autolysis. Around this core was a 
zone of early phagocytic degeneration of damaged 
muscle fibers. Some degeneration was occasionally 
seen in restricted areas distant from the main lesion, 
presumably where the anesthetic leaked from the site 
of injection along the perimysial fascial planes of the 
muscle. Over the next 2 days the phagocytic reaction 
progressed inward from the periphery of the lesion, 
eliminating the damaged muscle fibers and leaving 
behind their basement membranes. 

In the wake of the phagocytic activity myoblasts 
lined the persisting basement membranes and the 
regenerative process began. Regeneration in the core 
of the lesion continued to lag behind that at the 
periphery. By the 5th day virtually all muscle fibers 
in the lesion had degenerated and were replaced by 
myoblasts, or, in more peripheral areas, by myotubes. 
In muscles examined at later intervals the myotubes 
had developed into muscle fibers. With increasing 
time the diameters of the regenerating muscle fibers 
attained roughly normal cross-sectional areas. Most 
of the myonuclei had migrated to peripheral positions, 
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of muscle ïbers have broken down and are regenerating. He- 
matoxylin-eosin (H&E); 250x. 


but the persistence of some central nuclei is almost 
diagnostic of regenerating muscle fibers. 


Repeated Injections 


The lesions produced by repeated injections of 
local anesthetic were significantly larger than those 
producec by single injections. Lesions associated with 
repeated injections frequently occupied almost the 
entire cress-sectional area of the muscle and in no 
case occupied less than the 30% that was typical of 
the lesioa produced by a single injection. No other 
gross di&inction could be made between muscles 
subjectec to single or repeated injections. 

Six injections at intervals of 2’ hours (series A) (11 
muscles) produced lesions much like those observed 
after a sngle injection (Fig 4). Six injections of 24 
hours (series B) (25 muscles) produced a heteroge- 
neous pattern in which myocytes at widely disparate 
levels of maturity could be seen in each muscle cross- 
section. Six injections, one every 4 days (series C) (24 
muscles) also produced a complicated pattern in 
which fi»er precursors at many different stages of 
developraent coexisted in the same muscle, but ag- 
gregates of regenerating muscle within individual 
basemen: membranes were usually of the same de- 
velopmental stage (Fig 5). 
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FiG 2. Longitudinal section through the EDL muscle of the rat 
40 hours after a single injection of mepivacaine. Almost all of 
the muscle fibers have been damaged and are being broken 
down by macrophages. Only small numbers of intact muscle 
fibers (arrows) are seen in this section. H&E; 100x. 


The development of myocytes in these lesions fol- 
lowed a pattern similar to that seen in the single 
injection lesions. Phagocytosis and subsequent regen- 
eration once again appeared to move from the periph- 
ery of the lesion inward and the large repeated injec- 
tion lesions contained prominent gradients of matu- 
rity between the periphery and the center of the lesion 
(Fig 6). Large, highly basophilic, degenerated muscle 
fibers, often associated with giant cells, were observed 
toward the center of the lesion around the 4th day 
after completion of the injection schedule in all three 
repeated injection series, but they disappeared before 
the 6th day. A similar pattern was observed in series 
C, in which such bodies were also present for several 
hours after the last injection (Fig 7). 

The restoration of normal muscle architecture 20 
days after the completion of a series of repeated 
injections was, in general, surprisingly good consid- 
ering the massive and acute damage that their short- 
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term counterparts were observed to have suffered. 
However, some evidence of possible permanent dam- 
age was observed. There were many more fibers with 
central nuclei in these muscles as compared with 
controls and singly injected long-term muscles. Scar- 
ring and regions of atrophied fibers were also ob- 
served (Fig 8). Such damage was most prevalent in 
series C and least prevalent in series A. 


Discussion 


The results of this study demonstrate that exposure 
to mepivacaine can injure skeletal muscle. The etiol- 
ogy and clinical implications of these findings are less 
certain, but some inferences can be drawn. 

The histologic picture of non-nucleated and frag- 
menting fibers surrounded by phagocytic degenera- 
tion in an edematous muscle is characteristic of is- 
chemic necrosis. This is consistent with the finding of 
a characteristic lag in phagocytosis and subsequent 
regeneration toward the core of the lesion. These 
results leave little doubt that there is some interfer- 
ence with the vasculature in the area of the lesion. 
Although mepivacaine has previously been reported 
to possess some vasoconstrictive activity,!" ? it is by 
no means clear that its vasoconstrictive or vasodes- 
tructive activity is the only mechanism whereby me- 
pivacaine may produce local toxic responses. Stygall 
et al" have recently reported the inhibition of myo- 
blast fusion and the disruption of myotube structure 
in vitro by mepivacaine and other local anesthetics. 

In the presence of an ischemic lesion, it is not 
possible to determine histologically whether or not 
there is also a primarily myotoxic effect of mepiva- 
caine. This is in marked contrast to primarily my- 
otoxic drugs, such as bupivacine,* which produce 
local destruction of muscle fibers without significantly 
compromising the blood supply. After injection of 
0.5% or 0.75% bupivacaine, no focus of ischemic 
necrosis is present at the site of injection, and the 
damaged muscle fibers are all removed by phagocy- 
tosis and replaced by regenerating muscle fibers 
within 3 to 4 days. In the case of mepivacaine, the 
damage caused by ischemia is so pronounced that it 
obscures any possible direct damage to the muscle 
fibers produced by the anesthetic. Recent compari- 
sons of the effects of intramuscular injections of seven 
local anesthetics in clinically recommended concen- 
trations (A. Foster and B. M. Carlson, in preparation) 
have shown a similar subdivision into lesions char- 
acterized by foci of ischemic necrosis or by muscle 
damage alone in the absence of a vascular lesion. 
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FiG 3. Cross-section through the EDL muscle 3 days after muscle anc caused a focus of muscle damage. This lesion is at 


exposing the surface of the muscle to 50 ul of mepivacaine. In the final stage of removal of old muscle and at the period of early 
one area (arrows) some anesthetic apparently penetrated the myoblast farmation. H&E; 100x. 





FiG 4. Cross-section through an entire tibialis anterior muscle lesion is typical of the others formed in this series. Just periph- 
2 days after the muscle had been injected with mepivacaine eral to thB area is a thin zone of muscle degeneration and 
every 27^» hours for 6 times. A large area of ischemic necrosis regeneration. H&E; 22 x. 


(dotted lines) occupies much of the muscle. The size of this 
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Fig 5. High power view through a lesion caused by mepiva- 
caine injection into the tibialis anterior muscle every 4 days for 
20 days. The muscle fibers at the right are necrotic. At the left, 
macrophages are removing damaged muscle cytoplasm and 





myoblastic cells are lining up beneath the persisting basal lam- 
inae (arrows). There is more cellular activity in the interstitial 
connective tissue than after a single injection of the anesthetic. 
H&E; 400x. 





Fic 6. Cross-section through the tibialis anterior muscle 7 days 
after receiving six injections of mepivacaine every 4 days. A 
focus of necrotic muscle fibers (N) and relatively normal muscle 
fibers (top) are seen. Between these two areas is a region of 
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regenerating muscle fibers (R), which are considerably more 
mature (arrows) near the normal muscle than near the necrotic 
focus. H&E; 63x. 
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FiG 7. Persistence of abnormally degenerating basophilic mus- 
cle fibers (M) at the edge of the necrotic focus of a muscle that 
had received six separate injections of mepivacaine 4 days 
apart. The tissue was fixed on the day of the last injection. Some 
giant cells, possibly muscle giant cells (G), are associated with 


FiG 8. Cross-section through the tibialis anterior muscle 20 
days after a series of six injections of mepivacaine every 21⁄2 
hours. A focus of increased connective tissue and smaller than 
normal regenerating muscle fibers (arrows) marks the site of a 
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these celS. The muscle fibers at the bottom are necrotic. The 
region abd» the necrotic area is characterized by the prolifer- 
ation of ire-stitial connective tissue and the regeneration of new 
muscle fibe-s (arrows) in the myotube stage. H&E; 100x. 
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formerly severely damaged region. The central nuclei in most of 
the other muscle fibers show that essentially all of the muscle 


fibers hese have broken down and subsequently regenerated. 
H&E; 10€ x. 
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Lesions associated with repeated injection differed 
from their single injection counterparts in several 
ways. The larger sizes of lesions were presumably 
due to destruction of confining fascial planes by 
earlier injections, thus permitting the mepivacaine 
injected later to diffuse outward. The greater delay in 
phagocytosis and regeneration toward the core was 
most likely associated with the larger sizes of the 
lesions. 

The complex and chaotic histologic picture of the 
lesions following repeated injections can most likely 
be attributed ot the repeated trauma of already trau- 
matized muscle. The large basophilic bodies are most 
likely pathologically altered muscle fibers, and the 
giant cells associated with them are characteristic of 
long-standing, but not acute, lesions to muscle. An 
important aspect of myotoxicity after repeated injec- 
tions of anesthetics is the relative sensitivity of the 
various stages of regenerating muscle to the anes- 
thetic. Although our model was not homogeneous 
enough to make any definitive statements, the histo- 
logic picture suggested that myoblasts are less sensi- 
tive than multinucleated muscle fibers. This possibil- 
ity should, however, be verified on controlled in vitro 
systems. 

This study demonstrates that mepivacaine, injected 
directly into or infiltrated onto the muscles of rats, 
causes the breakdown of muscle fibers. The damage, 
however, is repaired by the regeneration of new mus- 
cle fibers in the lesion. The toxic effects of a single 
injection are almost completely erased by regenera- 
tion of new muscle whereas repeated injections result 
in some long-term scarring. Laboratory studies have 
shown that in many respects primate muscle regen- 
erates in a manner similar to rat muscle, but our 
knowledge of human muscle regeneration is too in- 
complete to allow one to make an unqualified state- 
ment that an agent that causes muscle damage in a rat 
will cause similar dimage in man. Nevertheless, one 
should be aware of the possibility that mepivacaine 
might cause damage to human muscle. 

Although under most circumstances mepivacaine 
or other local anesthetics are normally not injected 
directly into muscles, intramuscular injections are 
performed in cases of local trauma, in a number of 
surgical and dental procedures, in the treatment of 
myalgia, as well as inadvertently. The results of this 
study suggest that some of the short-term discomfort 
that patients occasionally note after injection of local 
anesthetics may, at least in part, be related to local 
muscle damage. Ultimately complete or nearly com- 
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plete repair of any damaged muscle would, however 
be expected to ensue following a single injection. In 
procedures, such as multistage oral surgery, in which 
anesthetics are injected into the tongue, or some 
treatments of myalgia, which involve repeated injec- 
tions of myotoxic local anesthetics, caution is indi- 
cated because of the evidence of increased long-term 
local scarring. Further studies on primates or clinical 
material are required in order to establish whether or 
not mepivacaine is myotoxic in man as well as in 
rodents. 
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HIRSHMAN, C., LEON, D., EDELSTEIN, G., BRACKEBUSCH, M., CASSON, H., BARRY, J., AND 
FucHs, E.: Risk of hyperkalemia in recipients of kidneys preserved with an intracellular 


electrolyte solution. Anesth Analg 59:283-286, 1980. 


Presumed hyperkalemic cardiac arrest has been reported following revescularization of kidney 
grafts preserved with an intracellular electrolyte solution (Collins' solutien) containing potas- 
sium, 115 meq/L. We measured serum potassium levels immediately p ior to and after 
revascularization in 21 recipients of cadaver kidneys preserved in Collims’ solution for 10 to 


45 hours and in 12 recipients of living related kidney grafts preserved with a solution contain- 
ing potassium, 4 meq/L (Ringer's lactate). Following restoration of the circulation to the 

kidney, serum potassium levels increased a mean of 0.36 + 0.07 meg, L (p « 0.05) and 0.14 
+ 0.08 (p value was not significant) in the recipients of Collins’ and Rimger’s flushed kidneys, 
respectively. Twenty of 21 recipients receiving Collins’ flushed kidneys-and four of 12 receiv- 
ing Ringer's flushed kidneys required external iliac artery clamping durmg vascular anastomo- 


sis, rendering the leg ischemic. These 24 patients had serum potassiun increases of 0.22 x 
0.05 meq/L when circulation to the leg was restored. This was significantly greater (p < 
0.05) than that observed in the nine patients in whom the vascular supply to the leg was not 


interrupted (0.1 + 0.05 meq/L). 


In the 21 recipients of kidneys flushed with Collins’ solution, the tota. increase in serum 
potassium was 0.45 + 0.08 (mean + SE) meq/L (p « 0.02) of which approximately 6396 
resulted from Collins' solution and 3796 from the ischemic leg. In the 12 recipients of kidneys 
flushed with Ringer's lactate, the mean increase in serum potassium w.as statistically not 
significant. Potassium infusion from a kidney flushed with Collins’ soluton and from the 
previously ischemic limb can produce an increase in potassium which may be clinically 


significant in patients with preexisting hyperkalemia. 


Key Words: IONS, Potassium; KIDNEY, Transplantation. 


ARDIAC ARRESTS have been reported follow- 
ing release of the vascular clamps in patients 
undergoing renal transplantation." * In each case the 
donor kidney was flushed with Collins' solution, an 
electrolyte solution with a potassium concentration 
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that approximates that of intracellular fluid? (Table 
1). This solution is commonly used to preserve ca- 
daver kicneys.' Increases in serum potassium have 
been shown to occur following release of the vascular 
clamps daring renal transplantation.” The source of 
this potassium is not clear. The potassium could 
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RENAL TRANSPLANTATION AND HYPERKALEMIA 


TABLE 1 

Composition of Collins’ Solution (meq/L) 
Potassium 115 
Sodium 10 
Phosphate 100 
Chioride 15 
Bicarbonate 10 
Dextrose 138* 
Magnesium sulfate 60 

* mmoles/l. 


originate from the cadaver kidney, from the leg in 
which the circulation has been interrupted during 
renal vascular anastomosis, or from both sources. We 
undertook this study to quantitate the magnitude of 
the rise in potass:um occurring during renal trans- 
plantation, which is due to Collins' solution and which 
is secondary to the ischemic limb, by comparing 
potassium changes immediately prior to and follow- 
ing release of the vascular clamps in patients receiving 
Collins'-flushed kidneys and in patients receiving 
kidnevs from livirg donors, flushed with a Ringer's 
lactate solution. 


Methods 


Thirty-three adult patients undergoing surgery for 
renal transplantation were included in this study. 
Twenty-one patients received kidneys flushed with 
ice-cold Collins’ solution. Twelve received kidneys 
from living donors flushed with ice-cold Ringer's 
lactate containing procaine, 1 g, and heparin, 1,000 
units per liter. The two groups were similar with 
regard to age, A.S.A. physical status, and serum po- 
tassium level just prior to induction of anesthesia 
(Table 2). Six of the 21 patients (28%) receiving Col- 
lins’-flushed kidneys and three of the 12 receiving 
Ringer's-flushed kidneys (25%) were insulin-depend- 
ent diabetics. 

Anesthesia was induced with thiopental. The use 
of depolarizing or nondepolarizing muscle relaxants 
to facilitate intubation was left to the discretion of the 
anesthesiologist. The proportion of patients receiving 
succinylcholine was similar in the two groups. Anes- 
thesia was maintained with oxygen, nitrous oxide, 
and halothane. Following induction, a 13-cm, 14- or 
16-gauge plastic catheter was inserted into the right 
internal jugular vein. Serum potassium levels were 
measured in blood obtained from a peripheral vein 
prior to induction and immediately thereafter. Potas- 
sium was again measured using blood from the central 
venous catheter immediately prior to and 15 seconds 
after starting to open the kidney graft to the circula- 
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TABLE 2 
Patient Data 
Collins'- Ringer's- 
flushed flushed 
kidney kidney 
Total patients 21 12 
Male/Female * 14/7 9/3 
Diabetics* 6 zo. 
Age in years 35 + 2.71 j| Eg. rt 
Range 19-65 18-54 
Serum K^ in meq/L (mean)t 4.6 X0.167 4.6 € 0.18T 
Range 3.2-5.7 3.7-5.4 
Succinylcholine * 11 8 
Ischemic leg* 20 4 


* Number of patients. 
T Mean + SE. 
+ Immediately prior to induction. 


tion and after starting to restore circulation from and/ 
or to the leg. The vascular clamps were released over 
10 seconds. Three to 5 minutes elapsed between 
release of the vascular supply to the kidney and 
release of the vascular supply to the leg. pH, Pco,, 
Po,, and base excess were measured in eight patients 
immediately prior to and following release of the 
vascular clamps as well as at hourly intervals. 

Twenty of 21 patients receiving Collins’-flushed 
kidneys and four of 12 patients receiving Ringer’s- 
flushed kidneys had the renal artery anastomosed to 
the common or external iliac artery. In the remaining 
patients, the internal iliac artery was used. The kid- 
neys were simply drained of their respective flush 
solutions by gravity prior to vascular anastomosis, 
and circulation was restored by slow release of the 
vascular clamps. The clamp release sequence for the 
renal artery to common iliac or external iliac artery 
anastomosis was as follows: proximal vein, proximal 
artery, distal vein, and distal artery. The clamp release 
sequence for the renal artery to internal iliac artery 
anastomosis was the following: proximal vein, inter- 
nal iliac artery, and distal vein. Patients who devel- 
oped metabolic acidosis during surgery received ap- 
propriate amounts of sodium bicarbonate. Patients 
with serum potassium values greater than 6 meq/L 
after induction of anesthesia were given insulin and 
glucose intravenously. Patients with diabetes were 
managed by either continuous intravenous infusion 
of 1 to 2 units of regular insulin per hour or by 
intermittent bolus injections of regular insulin intra- 
venously. Blood glucose levels were measured at in- 
tervals of 30 to 60 minutes. 

Serum potassium was measured using heparinized 
whole blood on a Orion model 30 sodium/potassium 
analyzer. Arterial blood gases and pH were measured 
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on a Corning pH/blood gas analyzer model 165. 
Blood glucose was measured with an Ames eyetone 
reflectance colorimeter. 

Serum potassium levels before and after release of 
the renal vascular clamps were compared using two- 
way analysis of variance and a Newman-Keuls test 
for multiple comparison.” ê Potassium levels prior to 
and after release of the iliac vascular clamps were 
compared in the entire group by a paired t-test. 
Differerces in potassium levels were compared in 
patients with ischemic and nonischemic legs by an 
unpaired t-test. 


Results 


In patients receiving cadaver kidneys flushed with 
Collins’ solution, serum potassium levels increased 
from 4.52 + 0.14 (mean + SE) meq/L to 4.97 + 0.14 
following release of both vascular clamps ( p « 0.01) 
(Table 3). In patients receiving kidneys flushed with 
Ringer's lactate solution from live donors, potassium 
changed from 4.34 + 0.17 to 4.52 + 0.14 meq/L (p 
value was not significant) following release of the 
clamps. The maximum increase in potassium was 1.5 
meq/L in a patient who received a cadaver kidney. 
Potassium levels were not significantly different in 
patients receiving Collins’-flushed and Ringer's- 
flushed kidney transplants prior to induction of an- 
esthesia (Table 2) or prior to release of vascular 
clamps (Table 3). 

Table 4 illustrates the change in potassium levels 
following release of each vascular clamp in each of 
the two groups. The average increase in all 33 patients 
was 0.12 meq/L following release of the vascular 
clamps to the leg. In patients in whom the arterial 
supply to the leg was interrupted, potassium increased 
0.22 + .05 meq/L. In contrast, potassium increased 
only 0.10 + .05 meq/L in patients in whom the arterial 
supply to the leg was not interrupted. This difference 
was statistically significant ( p « 0.01). Arterial pH 
decreased from a value of 7.42 + 0.07 immediately 
prior to clamp release to 7.36 + 0.08 immediately 
following clamp release ( p « 0.05). 

The change in potassium level was not significantly 
different in diabetic patients than it was in nondiabetic 
patients in either group. In the patients in whom the 
kidney was flushed with Collins' solution, serum 
potassium increased from 4.6 + 0.14 to 5.0 + 0.12 
meq/L in nondiabetics and from 4.4 + 0.38 to 4.7 + 
0.43 meg/L in diabetics following clamp release. In 
the patients in whom the kidney was flushed with 
Ringer's lactate, potassium changed from 4.4 + 0.21 
to 4.6 + 0.17 meq/L in nondiabetics and from 4.0 + 


TABLE 3 


Serum Potassium Levels prior to and Following Release of 
Both Vascular Clamps 


Before clamp After clamp release 


release value 
meq/L meq/L 
Collins'-flushe-1 kidney 4.52 + 0.14° 4.97 + 0.14* 0.02 
Ring2r's-flushed kidney 4.34 + 0.17* 4.52 + 0.14* NS 
* Mean + Sz. 
TABLE 4 


Increase in Serum Potassium Levels following Releese of 
Individual V ascular Clamps (meq/L) 


Collins'-flushed kidney Ringer’s-flusred kidney 


0.36 x 0.07* 0.14 + 2.08 
0.21 + Q0.07* 0.13 + 2.09 


Reral clamps 
Leg clamps 


* There was a significant increase in potassium in the Collins’- 
flushed group after release of renal and leg clamps. 


0.24 to 4.2 + 0.18 meq/L in diabetics following clamp 
release. 

Following induction of anesthesia, three patients 
with elevated serum potassium levels (6.0 to €.9 meq/ 
L), with o: without ECG changes, were given 15 units 
of regular insulin and 25 g of glucose intrav2nously. 
This decreased serum potassium to levels below 5 
meq/L pior to application of the vascular clamps. 
Two of these patients were recipients of cadaver 
kidneys aad did not have diabetes. The third patient 
was diabetic and received a kidney from a living 
related dcnor. 


Discussion 


Our results indicate that the Collins'-flusaed kid- 
ney was responsible for approximately 63% of the 
pctassium. rise and the ischemic leg for the remaining 
3796 of tae potassium rise following release of the 
vascular clamps during renal transplantation Collins' 
solution s a preservative containing 115 meq/L of 
potassiura.? Although most of this solution was 
drained from the kidney prior to completion of the 
vascular znastomosis, some of the solution remained 
in the kidney and entered the circulation as a bolus 
wren the vascular clamps were released. Intravenous 
injections of 0.1 meq/kg of potassium have been 
shown tc result in transient peak plasma potassium 
levels of 10 meg/L.' The peak plasma potassium 
levels observed during renal transplantatior. are also 
influenced by the rate at which the vasculzr clamps 
are remcved.^ Soulillou et al? were able to Aalve the 
increase in serum potassium by slow release of the 
clamps (-elease over 15 to 20 seconds). Slow release 
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was employed in our study to decrease the peak 
potassium level. 

Three of our patients developed elevated serum 
potassium levels following induction of anesthesia. 
Factors contributing to hyperkalemia in the patient 
with chronic renal failure include succinylcholine,® ° 
metabolic acidosis, hyperglycemia,’ and aldoster- 
one deficiency." Patients with increased or rising 
serum potassium levels were treated in the present 
study with infusions of insulin and glucose prior to 
application of vascular clamps. This resulted in po- 
tassium levels in the normal range in all patients prior 
to release of the vascular clamps. No patient devel- 
oped cardiac arrhvthmias or T-wave changes on the 
electrocardiogram following release of the vascular 
clamps. 

There was a small but significant increase in potas- 
sium following release of the vascular clamps to the 
limb in patients receiving kidneys flushed with Col- 
lins' solution but not in patients receiving kidneys 
from living donors (Ringer's lactate-flushed). The rea- 
son for this difference is most likely related to the 
type of vascular anastomosis performed. Anastomosis 
of the renal artery to the internal iliac artery does not 
produce ischemia to the limb whereas anastomosis of 
the renal artery to the common or external iliac artery 
results in ischemia to the leg while the anastomosis is 
being performed. In most of the patients who received 
kidneys from living related donors (Ringer's-flushed), 
the internal iliac artery was used, whereas many 
patierts receiving cadaver kidneys (Collins'-flushed) 
had had previous renal transplants, internal iliac ar- 
teriosclerosis, or multiple renal arteries on an aortic 
patch, making it necessary to anastomose the renal 
artery to either the common or external iliac artery, 
producing ischemia in that limb while the vascular 
anastomoses were being performed. A small but sig- 
nificant acidosis was noted following vascular clamp 
release reflecting restoration of circulation to the leg. 
This acidosis may be responsible for much of the 
increase in potassium level seen following release of 
the vascular clamps to the leg. 

Because patients with chronic renal failure who 
have ciabetes mellitus may be more prone than non- 
diabetic patients to develop hyperkalemia during 
renal transplant surgery, we evaluated this small 
subgroup separatelv. Diabetic patients received insu- 
lin appropriately throughout surgery. Diabetics who 
received a Collins'-flushed kidney had elevations of 
serum potassium in the same range as did nondiabet- 
ics following clamp release. 
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Although the increase in serum potassium levels 
may noi be clinically important in all patients, it may 
well be detrimental in patients with renal failure who 
come to surgery with or who subsequently develop 
elevation of serum potassium levels. Our study dem- 
onstrates increases in potassium levels as great as 1.5 
meq/L. This elevation could result in levels in the 
range where significant arrhythmias or cardiac arrest 
might occur in patients in whom serum potassium 
was already elevated. 

We recommend frequent monitoring of serum po- 
tassium in patients with chronic renal failure who are 
receiving cadaver kidneys flushed with potassium- 
rich (Collins?) solution. Moreover, efforts should be 
made to minimize the rise of potassium at the time of 
release of vascular clamps. These efforts include prior 
drainage of the kidney, slow release of clamps restor- 
ing circulation to both the kidney and the ischemic 
leg, and treatment of preexisting hyperkalemia. Po- 
tassium from a Collins'-flushed kidney and from a 
previously ischemic limb can produce a small increase 
in serum potassium, which may be clinically signifi- 
cant in patients with preexisting hyperkalemia. 
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Gastric Fluid Volume znd pH after 
Fentanyl, Enflurane, or Halothane- 
Nitrous Oxide Anesthesia with or 
without Atropine or Glycopyrrolate 


Robert K. Stoelting, MD* 





STOELTING, R. K.: Gastric fluid volume and pH after fentanyl, enflurane, 2r halothane-nitrous 
oxide anesthesia with or without atropine or glycopyrrolate. Anesth Anag 59:287-290, 1980 


Gastric fluid volume and pH were determined immediately following the induction of anesthe- 
sia and again after 2 hours of anesthesia consisting of 6096 nitrous oxice plus either fentanyl, 
enflurans, or halothane. Adult patients undergoing elective, but not upper abdominal, opera- 
tions were subjects for this study. Preanesthetic medication included incramuscular morphine 
with or without either atropine (0.4 mg) or glycopyrrolate (0.2 mg). Gas ric fluid volume after 2 
hours of anesthesia was significantly less ( p « 0.05) than immediately after induction of 
anesthesia. Gastric volume was similar for all anesthetics and was not Ofluenced by the 
inclusion of anticholinergic drugs in the preanesthetic medication. Comoared with control 
gastric pH (only patients with an initial pH less than 3.5 were studied) taere was no change in 
pH after 2 hours of fentanyl anesthesia with or without either atropine cr glycopyrrolate. 
Likewise, pH did not change during halothane anesthesia without antic»olinergic drugs. En- 
flurane anesthesia with or without anticholinergic drugs and halothane zombined with atropine 
or glyccpyrrolate were associated with significant increases ( p < 0.05. in gastric pH. Glyco- 
pyrrolats was associated with greater increases in pH than was atropir= (p < 0.05). These 
data suggest that gastric fluid production is minimal during anesthesia rrespective of anes- 
thetic drugs or preanesthetic medication. Halothane or enflurane, but rot fentanyl, when 
combined with alycopyrrolate preanesthetic medication was associatec with the greatest in- 
crease in gastric pH. However, the increased pH was not seen in all petients and often the 
increase was not sufficiently great to protect against pneumonitis showd aspiration have 


occurred. 


Key Words: GASTROINTESTINAL TRACT, stomach; ANESTHETICS, /olatile: halothane; ANESTHETICS, Volatile: 


enflurane; ANALGESICS, fentanyl. 


NHALATION anesthetics produce a dose-depen- 
den: decrease in hydrogen ion secretion from iso- 
lated gastric mucosa.’ In man, gastric fluid pH is 
increased during halothane, unchanged during cyclo- 
propane, and variably altered during fluroxene anes- 
thesia.” Effects of fentanyl or enflurane on gastric 
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fluid pH Aave not been determined. This report de- 
sczibes gestric fluid volume and pH before and after 
2hourso anesthesia with nitrous oxide plus -entanyl, 
enflurane, or halothane. In addition, the influence of 
anticholirergic preanesthetic medication on gastric 
fluid volume and pH after 2 hours of anesthesia was 
evaluatec. 


Methods 


Adult »atients (A.S.A. class I-II) undergcing elec- 

tive 8 a.m. operations (excluding upper abdominal 
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procedures) were studied. The study was approved 
by the Indiana University School of Medicine Clinical 
Research Committee. No patient had a disease process 
or was taking drugs known to influence gastric secre- 
tion. Preanesthetic medication consisted of intramus- 
cular morphine (8 to 12 mg) with or without an 
anticholinergic (atropine, 0.4 mg, or glycopyrrolate, 
0.2 mg) 60 to 90 minutes before induction of anesthe- 
sia. Anesthetic induction was with gallamine, 0.3 mg, 
followed 3 minutes later with thiamylal, 4 to 5 mg/ 
kg, plus succinylcholine, 2 mg/kg, to facilitate tra- 
cheal intubation. Pancuronium was used for relaxa- 
tion as indicated. immediately following tracheal in- 
tubation a 18-French gastric tube (sump-type) was 
placed in the stomach. Gastric fluid was aspirated for 
control measurements of gastric volume and pH 
(Corning pH meter and Beckman electrode). Only 
patients with a gastric fluid pH of 3.5 or less were 
included in the study. Patients with a gastric pH above 
3.5 were arbitrarily excluded based on the speculation 
that gastric hydrogen ion secretion was already min- 
imal and further reduction by anesthetic drugs would 
be masked in these patients. Patients were divided in 
groups as shown in Table 1. 

Anesthesia was maintained with inspired concen- 
trations of 60% nitrous oxide plus 0.3% to 1% halo- 
thane or 0.5% to 2% enflurane. Fentanyl was admin- 
istered as a 2 ug/kg loading dose followed by 50 pg 
every 15 minutes. After 2 hours of anesthesia gastric 
fluid was again aspirated and volume and pH mea- 
sured. 

Mean gastric fluid pH was calculated using the 
individual pH values.’ Data were analyzed by two- 
way analysis of variance using a 3 x 3 table design 


TABLE 1 
Patient Groups 
Preanesthetic 
serine Anesthetc 
medication ay addition to N°. 9f Pà- Age’ Weight* 
(in addition to `, - tients 
. . Nitrous oxide) 
morphine) 
yr kg. 
None Fentany 10 44 x4 T7 4 
Enflurane 14 39 r4 67 485 
Halothane 10 32 x4 T1355 
Atropine Fentanyl 10 30 + 4 69 + 3 
Enflurane 10 47+7 7624 
Halothane 9 44 x5 69 + 4 
Glycopyr- Fentanyl 8 43 +6 73 +4 
rolate Enfiurans 10 33 t5 67 x15 
Halothar e 10 40 x5 74245 


* Values are means + SE. 
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TABLE 2 
Gastric Fluid Volume* 





After 2 hours of 





Control anesthesia 
mi 

Fentanyl 29 X6 7t2i 
Enflurane 23 X9 7 X 1f 
Halothane 33 413 7 + 3f 
Fentanyl-atropine 16 x 10 4+3 

Enflurane-atropine 1946 9+ 3ł 
Halothane-atropine 20 48 4215 
Fentanyl-glycopyrrolate 27 x9 9+ 3t 
Enflurane-glycopyrrolate 19 x4 5T 
Halothane-glycopyrrolate 22 t3 8+ 24 





* Values are means + SE. 
T Immediately after induction of anesthesia. 
tp < 0.05 vs control. 


adjusted for unequal cell frequencies. Individual com- 
parison t-tests were carried out for each preanesthetic 
medication and anesthetic group. P < 0.05 was con- 
sidered statistically significant. 


Results 


Control gastric fluid volume measurements were 
similar in all groups (Table 2). Fluid volume after 2 
hours of anesthesia was significantly less ( p < 0.05) 
than it was immediately following induction of anes- 
thesia (Table 2). This volume was similar for all 
anesthetics and was not influenced by use of atropine 
or glycopyrrolate in the preanesthetic medication. 

Gastric pH levels before and after 2 hours of an- 
esthesia with or without anticholinergic drugs in- 
cluded in the preanesthetic medication are shown in 
the Figure. Fentanyl anesthesia with or without atro- 
pine or glycopyrrolate and halothane anesthesia with- 
out anticholinergic drugs were not associated with 
significant changes in gastric pH. Enflurane anesthesia 
with or without anticholinergic drugs and halothane 
combined with atropine or glycopyrrolate were asso- 
ciated with increases in pH ( p « 0.05). Glycopyrrolate 
plus halothane or enflurane was associated with a 
greater increase in pH than were the same anesthetics 
combined with atropine ( p « 0.05). No anesthetic or 
anticholinergic combination was reliably associated 
with elevation of gastric fluid pH in the majority of 
patients (Figure). 


Discussion 


The development of pneumonitis after inhalation 
of gastric fluid depends on the pH and volume of the 
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Figure. individual and average gastric fluid pH values present 
immediately after anesthetic induction (control, solid circles) and 
after 2 hours of anesthesia with 6096 nitrous oxide plus fentanyl, 
enflurane, or halothane (open circles). Preanesthetic medication 
consisted of intramuscular morphine with or without atropine or 
glycopyrrolate. * p < 0.05 compared with control pH. 


aspirated fluid. Therefore, any ability of anesthetic 
drugs alone or in combination with anticholinergics 
to decrease gastric fluid secretion or reduce hydrogen 
ion production could protect against pneumonitis 
should aspiration occur intraoperatively or at the 
conclusion of the anesthetic. 

Gastric pH after 2 hours of anesthesia was related 
to the specific anesthetic drugs administered and the 
inclusion of atropine or glycopyrrolate in the pre- 
anesthetic medication. Fentanyl with or without atro- 
pine or glycopyrrolate was not associated with sig- 
nificant changes in gastric fluid pH. Likewise, gastric 
pH was not changed from control values in patients 
receiving halothane for 2 hours without inclusion of 
anticholinergics in the preanesthetic medication. Our 
data with halothane differ from an earlier report? 
describing an increase in gastric fluid pH from 1.8 
before to 7.5 after 90 minutes of halothane adminis- 
tration. This increase in pH was attributed to depres- 
sion of the parasympathetic nervous system produced 
by halothane. Our data suggest that parasympathetic 
and/or sympathetic nervous system activity is not 
sufficiently altered by fentanyl or halothane to result 
in reduced gastric hydrogen ion secretion. In contrast 
enflurane was associated with a statistically significant 
but clinically insignificant increase in gastric pH. This 
suggests that enflurane is the only one of the anes- 
thetic drugs studied capable of detectably altering 
gastric hydrogen ion secretion. The mechanism by 
which enflurane increased gastric pH cannot be de- 
termined from this study. 

Gastric fluid volume after 2 hours of anesthesia was 


minimal rezardless of the anesthetic administered or 
the inclusien of anticholinergics. The mechanism of 
decreased gastric fluid secretion is not clear but may 
represent z generalized depressant effect common to 
the anesthetics. Atropine or glycopyrrolate did not 
concribute zo the low gastric fluid volumes; volumes 
were the seme with or without anticholinergic drugs. 
Although ` olumes were consistently decreased com- 
pared with control measurements it is never possible 
to ensure taat all gastric fluid has been aspirated. As 
such our gastric fluid volume measurements are con- 
servative estimates of the total volume present. 

Antichoinergic drugs would seem more likely than 
anesthetice to decrease parasympathetic activity and 
reduce gasric fluid volume and hydrogen ion secre- 
tion. However, in a previous study preanesthetic med- 
ication inc uding atropine, 0.4 mg, or glycopyrrolate, 
0.2 mg, did not influence gastric fluid volume or pH 
at the time of anesthetic induction.* The present data 
confirm tre absence of a detectable effect of these 
anticholinergic doses on gastric fluid volume after 2 
hours of enesthesia. Likewise, anticholinergizs were 
not effective in raising gastric fluid pH after fentanyl. 
In contrast, use of atropine or glycopyrrolate prior to 
halothane anesthesia significantly increased gastric 
fluid pH a»ove control measurements. The magnitude 
of this inc: ease in pH was greater after glycopyrrolate 
than after atropine ( p « 0.05). This is consistent with 
the longerduration and greater inhibition of hydrogen 
ion secretion that occurs with glycopyrrolate.? It is of 
interest that the previous report describing an in- 
creased gastric fluid pH with halothane? was observed 
in patient: also receiving atropine or scopolamine as 
preanesthetic medication. The effect of anticholiner- 
gics prior to enflurane is less clear as this ar.esthetic 
alone sigrificantly increased gastric fluid pH by an 
amount similar to that seen when atropine was uti- 
lized in tre preanesthetic medication. 

In summary, halothane or enflurane but not fen- 
tarryl when combined with glycopyrrolate preanesth- 
etic medication was associated with the greatest in- 
crease in gastric pH after 2 hours of anesthesia. It 
must be emphasized that the increase was no: seen in 
all patients and often the increase was not sufficiently 
great to protect reliably against pneumonitis should 
aspiratior have occurred. À consistent observation, 
regardless of the anesthetic technique, was the small 
gastric fld volume present after 2 hours of anesthe- 
sia. However, to ensure the presence of a minimal 
volume tke stomach must be routinely aspira-ed prior 
to the cor clusion of anesthesia. 
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Complications of Pulmonary Artery Catheterization 


In order to evaluate the incidence and significance of complications resulting from the use of flow- 
directed, balloon-tipped catheters to monitor critically ill patients, a prospective study of 116 
pulmonary artery catheterizations was performed. Indications for catheterization included shock, 
pulmonary edema, or hemodynamic instability following surgery. Arrhythmias, including premature 
atrial or ventricular depolarizations, ventricular tachycardia, and transient right-bundle branch block 
occurred during 90 of the 116 insertion procedures, but were not associated with morbidity or 
mortality. In two patients (1.7%) staphylococcal bacteremia probably originated from the catheter. In 
addition, the pulmonary artery catheter led to two cases (1.7%) of subclavian vein thrombosis. 
Postmortem examinations revealed perforations of the pulmonic valve in one case. The authors 
conclude that although significant complications may result from pulmonary arterial catheterization 
and monitoring of critically ill patients, the incidence is low and the ratio of benefits to complications 
is favorable. ‘Elliott CG, Zimmerman GA, Clemmer TP: Complications of pulmonary artery catheter- 
ization in the care of critically ill patients. Chest 76:647~652, 1979) 
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The Tracheal Tube Cuff 
Pressure Stabilizer and Its 
Clinical Evaluation ` 


Jong-Min Kim, MD* 


The trachea is not round on cross-section but rather 
more imperfectly circular with a flattened posterior 
segment. To achieve a tracheal seal with a low-vol- 
ume, high-pressure cuff, the tracheal wall must be 
deformed to the circular rigid cuff. This results in 


‘uneven distribution of pressure on the tracheal wall 


and requires high tracheal wall pressure to assure a 
gas-tight seal. The high tracheal wall pressure with 
such cuffs has been considered a major factor con- 
tributing to tracheal complications following long- 
term intubation with a high-pressure cuffed tube. 
This has led to the use of large-volume, low-pressure 
cuffed tracheal tubes for patients in intensive care 
units and during operation. 

The large-volume, low-pressure cuff provides a 
tracheal seal with low intracuff pressures by deform- 
ing its own shape to conform to the tracheal lumen. 
The cuff then exerts more evenly distributed pressure 
around the tracheal wall.? However, when large-vol- 
ume, low-pressure endotracheal tube cuffs are used 
during anesthesia, intracuff pressure can be increased 
to levels equal to arterial blood pressure due to vol- 
ume expansion of cuff air. The volume expansion is 
mainly caused by diffusion of anesthetic gases into 
the air-containing cuff and, to a lesser extent, caused 
by warming of air in the cuff to body temperature. 
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CLINICAL 
reports 


Several suggestions have been proposed to main- 
tain low incracuff pressures intraoperatively, includ- 
ing intermittent deflation of cuff, inflation of the cuff 
with anesthetic gas mixtures, etc. Commercially avail- 
able devices designed to prevent increase in cuff 
pressures cn be divided into two types: (1) tracheal 
tubes that have cuff pressure control devices (usually 
the whole init is disposable) anc (2) pressure relief 
valves that connect to the inflating port of the cuff 
catheter (usually not disposable). The first includes 
the Kamer-Wilkinson tracheal tube with "Fome- 
Cuff” (Bivona), the Dupaco "Liqui-Seal" tracheal 
tube, and the Lanz tracheal tube "controlled pressure" 
cuff with >ressure-regulating balloon and volume- 
regulating <heck valve. The second group includes 
the cuff p:essure regulator (Boehringer Laboratory) 
and the pressure relief valve reported by Stanley and 
associates These devices are either expensive or 
difficult to.assemble. The present report introduces a 
newly desizned “Tracheal Tube Cuff Pressure Stabi- 
lizer" (TTCPS) which belongs to the latter type of 
device. 


Design and Operation 


The bast idea for the design was adapted from the 
principle o7 the underwater seal used for positive end- 
expiratory pressure ventilation. 

The TTCPS is easily built as shown in Fig 1. Either 
transparen- Plexiglas or plastic tubing is used as a 
water container, measuring approximately 1.5 cm i.d. 
and 50 cm in height (Fig 1, 1). The unit also contains 
a disposab e central venous pressure manometer (Fig 
1, 2), a veat needle (Fig 1, 3), a three-way stopcock 
(Fig 1, 4), a C.F.S. Intraflo (continuous flush system; 
Sorenson Research Co., Salt Lake City, UT) (Fig 1, 5), 
and an extension tube (Pressure Transmission Set (84- 
inch tubinz) Cutter Laboratories, Inc., Berkeley, CA) 
(Fig 1, 6). 

After these parts are assembled, the unit can be 
attached to a supporting upright of the anesthesia 
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FIG 1. “Tracheal Tube Cuff Pressure Stabilizer” (TTCPS) is 
easily built with materials readily available in the operating room. 
The materials consist of a water container (1), a central venous 
pressure manometer (2), a vent needle (3), a three-way stopcock 
(4), & C.F.S. Intrafio (5), and an extension tube (6). See text for 
operation instructions. 


machine. To prevent microbial contamination, the 
water container (1) is filled with benzalkonium chlo- 
ride (1:750) to the proper height through the three- 
way stopcock (4). If water is used to fill the container, 
the water turns turbid after prolonged use due to 
microbial infestation. The height of the fluid level 
shown on the graduation marks of the central venous 
pressure manometer (2) will be the intended intracuff 
pressure to be maintained (cm H20). 

Following tracheal intubation, the cuff is inflated 
with more than an adequate amount of air. The 
inflating port of the cuff catheter is securely connected 
to the male adaptor of the extension tube (6). By 
pulling the rubber band of the C.F.S. Intraflo (4) the 
excess amount of cuff air bubbles out until intra- 
cuff pressure is rapidly adjusted to the predetermined 
pressure. On releasing the rubber band, a subsequent 
rise in intracuff pressure due to diffusion of anesthetic 
gases is controlled to the predetermined pressure by 
slow mode of control (Fig 2B). 

The TTCPS should be tested for any possible leaks 
before clinical application. The test is conducted on 
the overinflated cuff outside the trachea. Using the 
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same technique as described previously, the intracutf 
pressure is adjusted to a predetermined value and 
held for 1 to 2 hours. In a tightly connected unit free 
of leaks, the water level on the central venous pressure 
manometer should not increase beyond the tip during 
the waiting period. An increasing water level indicates 
a leak in the system which should be corrected. 

The C.F.S. Intraflo is originally designed to provide 
a slow continuous flow of the flush solution througa 
intravascular catheter to prevent intraluminal clot for- 
mation. It is also equipped with a valve that allows a 
fast flush by pulling the rubber band. According to 
the package insert, when the flush solution is com- 
pressed to 300 mm Hg, the flow rate of the solution 
passing through the C.F.S. Intraflo should be 0.033 to 
0.066 ml/min. If air is compressed at the same pres- 
sure, the theoretically estimated flow rate of the air 
will be 55 times faster than the flow rate of water 
because viscosity of air is 55 times less than viscosity 
of water. The flow rate also depends on the pressure 
gradient across the C.F.S. Intraflo (Hagen-Poiseuille 
law). 

When a trachael tube is intubated into a rigid 
artificial trachea and the cuff is inflated with air to 
100 mm Hg, the intracuff pressure decreases to 60 
mm Hg in 1.5 minutes, and to 21 mm Hg in 16 
minutes following the application of TTCPS. Due to 
the fact that the higher the intracuff pressure the 
faster the adjustment of the intracuff pressure, the 
procedure adjusting intracuff pressure rapidly bv 
opening the fast flush valve can be omitted in clinical 
application of the TTCPS. The C.F.S. Intraflo retards 
sudden loss of intracuff air if the cuff pressure tem- 
porarilv exceeds the predetermined value, such as 
during the inspiratory phase of intermittent positive 
pressure ventilation (IPPV) and during coughing. 

The TTCPS can only be used with low-pressure 
cuffed tracheal tubes that have the ability to seal the 
trachea at intracuff pressures less than 40 cm H3O (30 
mm Hg). If the tracheal tube is left in the patient for 
postoperative ventilatory or airway support, the air in 
the cuff should be replaced with fresh air and the 
intracuff pressure should be readjusted using the 
same technique as described above. Otherwise the 
tracheai seal may be broken as anesthetic gases in the 
cuff diffuse out postoperatively. The TTCPS can be 


‘used from patient to patient without cleaning. 


Clinical Evaluation 


The TTCPS was evaluated for its effectiveness and 
safety in 100 endotracheally intubated patients who 
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Fig 2. Intraoperative changes in intracuff pressure of the Amer- 
ican Hi-Lo cuff (open circle) and Shiley Low Pressure cuff (solid 
circle) when the intracuff pressure was not controlled (A) and 
when it was controlled (B) by TTCPS. Intracuff pressure started 


underwent a variety of operative procedures per- 
formed under general anesthesia using more than 50% 
nitrous oxide. Fifty each of American Hi-Lo Tracheal 
Tubes and Shiley Low Pressure Cuffed Endotracheal 
Tubes were used. According to the package insert of 
the American Hi-Lo Tracheal Tube, an adequate tra- 
cheal seal can be obtained with an intracuff pressure 
under 19 mm Hg in most circumstances. Based on 
this recommended intracuff pressure, the predeter- 


mined intracuff pressure was chosen to be 20 mm Hg. : 


The water container in the unit was filled to 27 cm. 
For continuous intracuff pressure measurement, a 


at 20 mm Hc in all tubes. Vertical bars indicate standard devia- 
tion of mean Number of tubes studied is shown at the end of 
each vertical bar. 


pressure transducer was inserted between the C.F.S. 
Intraflo ard the extension tube by adding another 
three-way stopcock. The intracuff pressure was dis- 
played as digital numerals (mm Hg) on a Datascope 
Monitor. 

Followirg induction of anesthesia, the trachea was 
intubated with the proper sized American Hi-Lo or 
Shiley tracheal tube, and the cuff was inflated with 
air. As socn as the tracheal tube was secured in place 
and intrae: ophageal instrumentations completed (e.g. 
insertion cf esophageal stethoscope, nasogastric tube, 
temperatu-e probe, etc), the cuff air was replaced with 
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fresh air. The extension tube of the unit was con- 
nected securely to the inflating port of the cuff cath- 
eter, and the rubber band of the C.F.S. Intraflo was 
pulled until the bubbling of excess cuff air ceased. 
The resulting intracuff pressure, which was adjusted 
rapidly, was recorded on the anesthesia record sheet. 
Any subsequent change in the intracuff pressure, 
which was adjusted by the slow mode, was recorded 
every 10 minutes until nitrous oxide was discontin- 
ued. 

As a control, an additional 50 each of American Hi- 
Lo Tracheal Tubes and Shiley Low Pressure Cuffed 
Endotracheal Tubes were studied. After initial rapid 
adjustment, the intracuff pressure was allowed to 
increase by bypassing the TTCPS. Subsequent 
changes in intracuff pressures were recorded every 10 
minutes as described above. Data obtained in surgical 
procedures that lasted less than 90 minutes were 
discarded. The anesthetic technique and size of the 
tracheal tube were not controlled. 


Results 


On bypassing the TTCPS after rapid adjustment, 
the intracuff pressure increased steadily with time as 
anesthetic gases diffused into the cuff. The initial 
intracuff pressure of the American Hi-Lo cuff, 20 mm 
Hg, doubled after 30 minutes, tripled after 70 minutes, 
and quadrupled after 120 minutes. Compared to the 
American Hi-Lo cuff, the rate of rise in intracuff 
pressures of the Shiley Low Pressure cuff had a slower 
rate of increase in pressure and lower peak pressure 
(Fig 2A). In three of 23 American Hi-Lo tubes and 
none of 23 Shiley tubes, the intracuff pressure ex- 
ceeded 100 mm Hg after 120 minutes. 

With application of the TTCPS, overinflated cuffs 
rapidly and reliably adjusted to the preset intracuff 
pressure, 20 mm Hg, and this pressure was main- 
tained within a narrow range by the slow mode of 
control. Following the peak intracuff pressure of 24 
+ 2 mm Hg (mean + 1 SD) in the American Hi-Lo 
cuff end 23 + 2 mm Hg in the Shiley Low Pressure 
cuff, both reached in 20 minutes, the pressure de- 
clined gradually toward 20 mm Hg during the next 
120-minute period until stabilized at this pressure (Fig 
2B). he 20 mm Hg intracuff pressure provided an 
adequate tracheal seal for IPPV without apparent leak 
around the cuff except in two Shiley tubes. In one 
American Hi-Lo tube, the inflating port of the cuff 
catheter cracked intraoperatively and intracuff pres- 
sure was suddenly lost. These three tubes were ex- 
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cluded from the data. None of the patients developed 
evidence of aspiration symptoms postoperatively. 


Discussion 


Large-volume, low-pressure cuffed tracheal tubes 
can seal the trachea at low intracuff pressures, but 
these low intracuff pressures cannot be maintained if 
proper care is not exercised during the anesthesia. 
Undesirably high intracuff pressures can result frorr: 
enthusiastic blind inflation of the cuff or by diffusion 
of anesthetic gases, mainly nitrous oxide, into the air- 
containing cuff. When the compliance of most large- 
volume, low-pressure cuffs is measured outside the 
trachea, high values, as claimed by the manufacturers, 
are found. However, the compliance is no longer high 
in the intubated cuff, because the volume expansion 
of the intubated cuff is limited by the tracheal wall. 
The compliance of the portion of cuff that contacts 
with the tracheal wall is dictated by the properties of 
the tracheal wall, thereby causing a drastic reduction 
of compliance. 

Studies in vitro? " and in vivo* have demonstrated 
that nitrous oxide diffuses into the air-inflated tra- 
cheal tube cuff and thus increases cuff volume and 
pressure. The rate of nitrous oxide diffusion varies 
inversely with cuff thickness and directly with the 
partial pressure gradient of nitrous oxide across the 
cuff membrane.’ Also, the larger the volume of air in 
the cuff, the more nitrous oxide diffuses into the cuff 
to equilibrate the partial pressure gradient. 

This study included two kinds of low-pressure 
tracheal tube cuffs, American Hi-Lo cuff and Shiley 
Low Pressure cuff. Both cuffs are made of polyvinyl- 
chloride but have different thicknesses and residual 
volumes. Thickness of the cuff wall and residual 
volume are 0.033 mm and 19.2 ml, respectively, for 
American Hi-Lo cuffs, and 0.135 mm and 6.9 ml, 
respectively, for the Shiley Low Pressure cuffs.’ Due 
to the fact that the American Hi-Lo cuff is thinner and 
has a large residual volume compared to the Shiley 
Low Pressure cuff, the increase in intracuff pressure 
will be faster and more prolonged. This was demon- 
strated in the present study. 

An in vitro study by Bernhard and colleagues’ 
showed the rate of diffusion of 100% nitrous oxide 
into an air-inflated American Hi-Lo cuff was almost 
twice as fast as the rate of diffusion into a Shiley Low 
Pressure cuff. Stanley* reported an in vivo study that 
indicated that the minimum sealing pressure of both 
cuffs increased about 5-fold after 2 hours of intra- 
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operative use of 60% nitrous oxide. Also, the intracuff 
pressure is known to be equal to the tracheal wall 
pressure in the large-volume, low-pressure cuff? 
These reports as well as the present study demon- 


strate that low-pressure cuffed tracheal tubes do not | 


protect against high tracheal wall pressure when ni- 
trous oxide is administered. 

Serious complications caused by overinflating cuffs 
during anesthesia are not well authenticated, except 
for airwzy obstruction due to a herniated cuff *? and 
collapse of the lumen of the tracheal tube.'? Homi and 
associates" reported that there was an abrupt increase 
in the degree of pallor of the tracheal mucosa at 
tracheal wall pressures between 30 and 40 mm Hg. 
Dobrin and colleagues” showed that blood flow in 
the tracheal mucosa decreased to 20% to 40% of 
control value with high-pressure cuffs, but almost no 
change was observed with low-pressure cuffs at the 
minimum sealing pressure. 

In two studies silent regurgitation of stomach con- 
tents into the upper airway during endotracheal an- 
esthesia occurred in 58 of 472 patients (12.390)? and 
22 of 152 patients (14.5%). In four of the 58 and 
none of the 22 patients, the regurgitated dye passed 
the inflated tracheal tube cuff. Bernhard and associ- 
ates? reported that when the intracuff pressure was 
controlled at 19 mm Hg, none of 21 patients whose 
tracheas were intubated with the American Hi-Lo 
Tracheal Tube aspirated dye placed on the tongue; 
however, six of 17 patients intubated with Portex Blue 
Line tracheal tubes aspirated at the same intracuff 
pressure. Pavlin and colleagues? reported a case in 
which intracuff pressure of Lanz tracheal tube was 
controlled at about 15 mm Hg. Repeated tracheal 
aspiration of blood occurred during spontaneous 
breathing but ceased when IPPV was applied. The 


explanation given was that when the large-volume . 


cuff was inflated in the trachea, an overly large cuff 
tended to form longitudinal foldings. Spontaneous 
breathing and asynchronous breathing during me- 
chanical ventilation generate negative pressure under 
the cuff and create a hydrostatic pressure gradient 
favoring tracheal aspiration along the fold. Pavlin et 
al recommended a small diameter cuff that can seal 
the trachea at low inflation pressures without making 
longitudinal foldings. 

The minimum intracuff pressure required for an 
adequate tracheal seal has not been established for 
most brands of low-pressure cuffed tracheal tubes. 
However, Cross" claimed that it is unnecessary to 


have a tracaeal wall pressure greater than the peak 
airway pressure. According to a report by Carroll? 
tracheal mucosal pressure can be kept at 15 mm Hg 


during exh.lation, to prevent aspiration without mu- 
- cosal ischemia, when the trachea is intubated with a 


large-volurne, low-pressure cuffed tracheal tube. The 
20 mm Hg -ntracuff pressure of both American Hi-Lo 
and Shiley -ubes appears to be adequate for IPPV and 
to prevent tracheal aspiration. Most patients in this 
study received IPPV in the horizontal position, which 
may help to prevent movement of regurgitated ma- 
terials down into the lungs when and if it occurred. 
In summary, a simple “Tracheal Tube Cuff Pres- 
sure Stabil zer" which can easily be assembled with 
materials readily available in the operating room area 
is describei. The design was evaluated on 100 anes- 
thetized pacients endotracheally intubated with either 
American -i-Lo or Shiley Low Pressure Cuffed tra- 
cheal tubes. Overinflated cuffs, either by intention or 
by diffusicn of nitrous oxide into the air-containing 
cuff, rapid. y, reliably, and automatically corrected to 
a predetermined pressure in cases in which TTCPS 
was used. Ahen the TTCTS was bypassed, intracuff 
pressure rapidly increased. The TTCPS appears to be 
a valuable zool in preventing high tracheal wall pres- 
sure caused by an overinflated tracheal tube cuff. 
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Comparison of EEG and Carotid Stump Pressures 


The correlation between carotid stump pressures and the results of intraoperative EEG monitoring 
were examined retrospectively for 289 carotid endarterectomies performed in 204 patients. A decision 
to place a temporary shunt during carotid endarterectomy was made entirely on the basis of 
intraoperative EEG monitoring. Evidence of ischemia on intraoperative EEG monitoring developed in 
6% of the total series despite a stump pressure of greater than 50 mm Hg. The degree of disagreement 
between stump pressure and EEG varied according to clinical category. In those endarterectomies 
performed for completed stroke, all cases requiring shunting had stump pressures less than 50 mm 
Hg. In those cases performed for symptoms of vertebral basilar insufficiency, however, 77% of the 
cases requiring an intraoperative shunt had stump pressures greater than 50 mm Hg. A review of the 
complication rate in the various study groups indicates that the use of intraoperative EEG is a useful 
indicator of cerebral ischemia during carotid endarterectcmy, regardless of stump pressure. (Kelly JJ, 
Callow AD, O'Donnell TF, et al: Failure of carotid stump pressures: Its incidence as a predictor for a 


temporary shunt during carotid endarterectomy. Arch Surg 114:1361- 1366, 1979) 
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Postoperative Venous Air 
Embolism 


Virgil M. Airola, MD* 


Venous air embolism can precipitate cardiac arrest 
if it is of sufficient size to decrease cardiac output 
seriously. The presence of a central venous pressure 
(CVP) catheter and a low CVP predispose a patient to 
the development of a venous air embolism should the 
catheter somehow become open to air. The following 
case illustrates a situation in which this occurred. 


Case Report 


A 56-year-old, 60-kg woman with a history of chronic 
renal failure underwent a gastric antrectomy-vagotomy be- 
cause of partial gastric outlet obstruction resulting from 
severe peptic ulcer disease. On the day before surgery 
dialysis was performed with a loss of 1 kg of body weight. 
Preoperatively her blood pressure ranged between 168/70 
to 120/60 torr, serum potassium (K*) was 3.9 meq/L, and 
hemoglobin was 8.0 gm/100 ml. Her anesthetic course was 
uneventful. The anesthetic agents were thiopental, halo- 
thane, nitrous oxide-oxygen, and curare. A CVP catheter 
was placed through the left external jugular vein to monitor 
the CVP. The catheter could not be seen on the postopera- 
tive chest x-ray. During the 5-hour operation the patient 
received 900 ml of 5% dextrose in half-normal saline, 250 
mi of normal saline, and two units of packed red blood 
cells, Estimated blood loss was 450 ml. 

During the night following surgery the patient had sev- 
eral episcdes of hypotension with the systolic blood pres- 
sure falling to 85 to 100 torr, associated with a pulse rate of 
90 to 110 beats per minute and a CVP ranging between less 
than 0 to 1.0 cm H20. Each of these episodes responded to 
fluid administration. Two units of packed red blood cells, 
250 ml of 2596 albumin, 500 ml of normal saline, and 1000 
ml of 596 dextrose in half-normal saline were administered 
in 16 hours. Measured fluid loss was confined to 400 ml 
through a nasogastric tube. There was no urinary output. 
The patient was kept at bedrest during the night. 

At 6:00 a.m. the CVP was 0.5 cm H3O and at 6:30 a.m. 
her blood pressure was 120/60 torr with a pulse of 85 beats 
per minute. At 7:00 a.m. respirations were "noisy" at 24 per 
minute. She was medicated for pain with 6 mg of morphine 
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intramuscula ly. A blood specimen was drawn for hemo- 
globin (Hb) and electrolyte determinations (Hb, 9.2 gm/100 
ml; K^, 5.8 x eg/L). At 7:15 a.m. the floor nurse heard the 
patient call fr help. She found the patient supine, pale, 
with irreguler respirations and a barely palpable carotid 
pulse. The C’’P catheter, which had become separated from 
the tubing at the catheter hub, was reconnected. No blood 
was present en the bedsheets. The nurse did not attempt to 
aspirate blocd through the CVP catheter or examine the 
catheter hub for air. She called the nearest physician, and 
cardiopulmonary resuscitation was instituted when he 
found no pesipheral pulses. 

Ventilatioa with 100% oxygen by mask failed to improve 
the patient's cyanosis despite obvious expansion of the 
chest and breath sounds in both axillae with each ventila- 
tion. The cyanosis persisted despite endotracheal intubation 
and continued adequate ventilation with 100% oxygen until 
the patient’s hypotension began to resolve. No evidence of 
aspiration oi gastric contents was found on laryngoscopy. 
A chest x-ray taken after resuscitation showed left lower 
lobe atelectasis which had been present on the immediate 
postoperative x-ray. An arterial blood sample taken during 
the period of cyanosis while the patient was being ventilated 
with 100% cxygen revealed pH 7.22; Pao,, 101 torr; Paco,, 
63 torr; Hco.. 27 meq/L; and base excess of —3. 

With external cardiac massage palpable pulses returned 
and were wel] maintained without further assistance, but 
the patient semained hypotensive for 15 minutes. Initially 
the blood p-essure of 70 torr systolic was attributed to a 
bradycardia, but correction of the 40 keats per minute pulse 
rate with iniravenous atropine failed to improve the blood 
pressure. Nc other arrhythmias occurred. The heart was not 
auscultated during resuscitation; the presence or absence of 
a murmur remains unknown. The CVP was 12 cm HeO 
after correcLon of the bradycardia; yet only 300 ml of 5% 
dextrose in t.2 normal saline had been administered during 
the arrest whereas during the night the administration of 
150 ml of 2£96 albumin, one unit of packed red blood cells, 
and 250 ml ef normal saline over a 3-hour period had raised 
the CVP frem less than 0 to 4.5 cm H2O. An hour after 
resuscitatior. the CVP was again 0.5 to 1 cm HgO. 

Four hours after the arrest, the patient's abdomen was 
reexplored when blood was found leaking from the abdom- 
inal wound. A small “ooze” in the retroperitoneal space 
near the patcreas was found with sufficient free blood and 


_clot in the zodomen to explain a blood loss of 2 to 3 units. 


Mild pulmonary edema by both x-ray and clinical criteria 
developed « to 8 hours after the resuscitation, but overly 
vigorous fleid therapy during a subsequent hypotensive 
episode anc during the abdominal reexploration may have 
contributed. to this. There was no evidence of sepsis as the 
basis for tke patient's requirements of large volumes of 
intravenous fluids. There was no evidence of a myocardial 
infarction by sequential electrocardiograms. 
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Discussion 


The signs and symptoms of a venous air embolism 
are generally nonspecific. Only changes in precordial 
Doppler ultrasound or a step-decrease in end-tidal 
CO: are specific signs for a pulmonary embolism of 
air or particulate material. A mill-wheel murmur may 
be the only specific sign of an air embolism. The 
diagnosis of venous air embolism in this patient is 
based on nonspecific clinical signs which resolved 
over a 15-minute period after her CVP catheter was 
open to air for several minutes. There is no evidence 
to support other possible causes, including myocar- 
dial infarction, pulmonary embolism of solid matter, 
aspiration, hemorrhagic shock, or sepsis. 

The physiologic abnormalities exhibited by this 
patient during the cardiac arrest illustrate the physi- 
ologic derangements described by English et al’ in 
experimental venous air embolism in dogs. Specifi- 
cally, the abnormalities shown were increases in 
Paco,, alveolar-arterial oxygen difference (A-apo,) and 
CVP, as well as hypotension and bradycardia. The 
prolonged cyanosis with a Pao, of 101 torr in our 
patient presumably reflected a low cardiac output 
with consequent oxygen desaturation of venous he- 
mog_obin. The pulmonary edema”? that developed 
may also have been related to air embolism though 
other causes may have been involved. The hypercap- 
nia and large A-apo, associated with air embolism are 
due to a “redistribution” of a major portion of venti- 
lation to areas of high ventilation-perfusion ratio (V ij 
Q) and the coincident creation of areas of low Va/Q 
in the remaining portion of lung? In addition, the 
time course for resolution of the hypotension and 
cyanosis in this case approached that described by 
Hlastala et al? for the resolution of experimental 
venous nitrogen embolism in dogs. 

The importance of securing vascular lines well is 
emphasized by this case, as is the importance of 
closely following and appropriately treating a pa- 
tient's fluid requirements. The major precipitating 
factor, however, was probably the development of a 
negative pressure gradient between the intrathoracic 
end of the CVP catheter and the end of the catheter 
which was open to the atmosphere. The negative 
intrathoracic pressure generated during inspiration 
with a partially obstructed upper airway or when a 
maxima: inspiratory effort was made to call for help 
presumably resulted in a massive venous air embo- 
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lism. This patient's continuing hypovolemia probablv 
further increased the negative pressure gradient be- 
tween the two ends of the catheter. Air probably 
entered the catheter when the catheter and CVP line 
came apart; no blood was present on the bedsheets. 

Once a patient who has suffered air embolism has 
lost effective cardiac output, reestablishment of an 
adequate cardiac output is of paramount importance. 
If a cardiopulmonary arrest has occurred, as in this 
patient, implementation of basic life support is essen- 
tial. Appropriate advanced life support can then be 
given. If an arrest has not occurred, however, what 
action should be taken? Alvaran et al have showr. 
that the left lateral decubitus position, external cardiac 
massage, and intracardiac aspiration of air via a ve- 
nous catheter are all equally effective methods of 
resuscitation in terms of survival following air em- 
bolism in dogs. They also described, however, a 
shorter resuscitation time (2.7 minutes) with intracar- 
diac aspiration of the air as compared to external 
cardiac massage (18.3 minutes) and a left lateral de- 
cubitus position (19.5 minutes). All of these maneu- 
vers displace the right ventricular airlock from the 
right ventricular outflow tract allowing effective right 
heart filling and ejection of blood. External cardiac 
massage presumably pushes the airlock out of the 
heart into the pulmonary artery. 

In summary, a patient appeared to suffer a large 
venous air embolism while supine in bed when her 
CVP line became disconnected at the catheter hub. 
Predisposing factors were hypovolemia and an in- 
creased negative intrathoracic pressure. The air em- 
bolism was large enough to precipitate a cardiac ar- 
rest. With the displacement of the right ventricular 
airlock by external cardiac massage the sequelae of a 
massive air embolism gradually resolved with the 
patient's return to her prearrest state. 
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Delayed Horner’s 
Syndrome following 
Obstetric Extradural 
Block 


Ronny Hertz, MD,* 
Claire A. Chiovari, MD,f and 
Gertie T. Marx, MDt 


Horner’s syndrome has been reported as a compli- 
cation of lumbar or sacral extradural block in partu- 
rients, occurring either in association with high sen- 
sory levels,” or immediately following administra- 
tion of the test-dose.” * We observed the development 
of a Horner’s syndrome in a postpartum woman 
whose sensory analgesia had already worn off. 


Case Report 


A 28-year-old secundipara requested extradural analge- 
sia for relief of pain at 6-cm dilation of the cervix. The 
block was instituted at the L3-4 interspace. Following injec- 
tion of a test dose of 2 ml of 2% chloroprocaine, a catheter 
was inserted cephalad approximately 2 cm beyond the 
needle tip and an additional 4 ml of chloroprocaine admin- 
istered; sensory analgesia from T10 through L1 resulted. 
Forty minutes later, 5 ml of 0.375% bupivacaine was in- 
jected, after which the sensory level extended from T9 to 
L2. After another 30 minutes, the patient was ready for 
delivery. She was placed on the delivery table in the sitting 
position for administration of 8 ml of 3% chloroprocaine 
and remained sitting for 3 minutes. Perineal anesthesia was 
excellent (with the uppermost sensory level remaining at 
T9), and a healthy infant was delivered after 20 minutes 
with the mother in a semisitting position. Sixty-five minutes 
later, i.e., 115 minutes after injection of bupivacaine and 85 
minutes after injection of 3% chloroprocaine, the woman sat 
up after being recumbent in the recovery room. Within 5 
minutes, she complained of a "heavy" left eye. Immediate 
examination revealed left-sided ptosis and flushing of the 
left side of the face. Miosis developed in the left eye some 
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3 minutes lacer. External eye movements and function of 
cranial nerves were normal, as was sensation over face, 
trunk, perincum, and extremities; somatic motor function 
was also intect. Ptosis persisted for 12 minutes and aniso- 
coria for 17 minutes. Thereafter, the patient had an unevent- 
ful course. 


Discussion 


Horner's syndrome results from blockade of the 
sympatheti- supply to pupil, levator palpebrae, con- 
junctiva, ard face. One or more roots between the 
levels of CE and T4 appear to be involved.” Owing to 
their thinness, sympathetic fibers are blocked at lower 
concentrations of local anesthetic than are sensory or 
motor fibers. Solutions placed in the extradural space 
are able to diffuse widely. Using epidurograms, Burn 
et al showed that volumes exceeding 40 ml injected 
in the caudal or lumbar area consistently reached the 
upper thorecic or cervical region, whereas volumes of 
less than 22 ml did not. Albright® has suggested that 
doses of lozal anesthetic injected extradurally within 
20 minutes.of a previous dose are cumulative, whereas 
solutions administered more than 30 minutes after a 
preceding dose constitute a new injection. In our 
patient, all doses of local anesthetic had been injected 
in volume: of less than 20 ml and more than 30 
minutes apart. 

Previous reports of delayed Horner's syndrome 
following ebstetric extradural analgesia were associ- 
ated with ase of bupivacaine or lidocaine, with or 
without erinephrine.? In a series of 20 parturients,” 
Horner’s eyndrome developed in one woman 100 
minutes azter injection of 17 ml of the anesthetic 
associated with a sensory level to T8 and in another 
patient 70 minutes after administration of 15 ml and 
a sensory evel to T8; duration of the Horner's syn- 
drome was 75 and 90 minutes, respectively. Although 
both chloroprocaine and bupivacaine were used in 
our patien-, it is unlikely that the complication was 
related to he former drug as its duration of action is 
reliably short. Bupivacaine, on the other hand, "may 
occasional have a slow, unpredictable spread of 
anesthetic effect..., result in spotty anesthesia, re- 
gress in 6C to 90 minutes, or continue to block higher 
spinal segments after the established block...." 

Previou: explanations for the frequent appearance 
of Homers syndrome in parturients have included 
reduction >f potential volume of the extradural space 
by “increesed extradural venous pressure produced 
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by inferior vena caval compression in the supine 
pos:tion and the haemodynamic effects of uterine 
con-ractions,"? and "driven labor with relatively high 
oxy:ocic dosage." None of these factors was present 
in our patient. We have no ready explanation for the 
late onset of the complication. One may postulate that 
a minute amount of local anesthetic remained un- 
bound in the thoracic extradural space and was pro- 
pelled cephalad when the woman assumed the sitting 
position. In a personal communication, P. R. Bromage 
has observed that contrast medium injected into the 
thoracic extradural space of a sitting or standing pa- 
tien: spreads cephalad rather than caudad; he ascribes 
this to the increases in negative intrathoracic and 
positive intra-abdominal pressures in the upright pos- 
ture. 

Awareness of the possibility of delayed onset of 
Horner’s syndrome, a benign transient complication 
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of extradural block, will aid in allaying the patient's 
and family's anxiety. More importantly, the high sym- 
pathetic blockade with potential cardiovascular insta- 
bility emphasizes the need for continued monitoring 
of vital signs in the obstetric recovery room. 
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Timolol-Induced 
Bradycardia 


Jin W. Kim, MD* and 
Porter H. Smith, MD} 


Timolol maleate (Timoptic, Merck Sharp & 
Dohme) is a recently introduced beta-adrenergic re- 
ceptor blocking agent, the use of which is restricted 
to reduction of intraocular pressure (IOP) in patients 
with open-angle glaucoma.” A relatively unknown 
beta-blocking agent to many anesthetists, timolol will 
undoubtedly be encountered with increasing fre- 
quency. 

Beta-blocking agents should be administered sys- 
temicall with caution in patients who have cardiac 
conduction defects greater than first degree A-V 
block. However, the topical use of the beta-blocking 
ophthalmic solution, timolol, has been shown to have 
minimal adverse systemic effects in normal volun- 
teers.” 

The following patient, who had cardiac conduction 
defects (left anterior hemiblock, first degree A-V 
block, and incomplete right bundle branch block), 
developed severe sinus bradycardia attributed to the 
use of timolol ophthalmic solution. Forty-eight hours 
after discontinuance of the timolol, the patient’s nor- 
mal heart rate was restored. Patients who have been 
using timolol opthalmic solution should be carefully 
screened preoperatively to prevent threatening brady- 
cardia. 


Case Report 


A 62-year-old male patient with open-angle glaucoma 
was scheduled for a sclerectomy filter operation under local 
anesthesia with an anesthetist in attendance. On admission 
his medical history revealed a number of hospitalizations 
over the previous 7 years, most of which were for cancer of 
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the prostate with subsequent surgery and cystoscopies. 
During the lust few hospitalizations, ECG tracings showed 
the conduction defects mentioned above, but his rhythm 
and rate had always been recorded as normal. 

On this admission it was reported that he had been 
taking the fc. lowing medications for his chronic glaucoma: 
pilocarpine, phospholine iodide, acetazolamide, epineph- 
rine eye dro»s, and 0.5% timolol, the latter twice a day for 
more than a nonth. Blood pressure at the time of admission 
was 110/70 mm Hg with a regular pulse rate of 82 beats per 
minute. Durng the 24 hours before surgery, the pulse rate 
fluctuated bstween 42 and 84 beats per minute. This had 
not been evident on previous admissions. The present ECG 
was unchanzed from that obtained at the time of his most 
recent admission, and physical examination was unremark- 
able. 

The patient was premedicated with meperidine, 50 mg 
IM, and proznethazine, 25 mg IM, 1 hour before the surgery. 
He arrived in the operating room somewhat restless with a 
blood pressare of 150/80 mm Hg and a pulse rate of 38 
beats per m-nute. Atropine, 0.4 mg IV, increased the pulse 
rate to 78 beats per minute, and diazepam, 5 mg IV, 
produced satisfactory sedation. Eyelid and retrobulbar 
blocks were accomplished using 5 mi of 296 lidocaine with 
epinephrine (1:200,000) and 3 ml of 0.7596 bupivacaine. 

One hour after the beginning of surgery, the patient 
again showed restlessness, at which time his blood pressure 
increased tc 160/90 mm Hg and his pulse gradually slowed 
to 38 beats per minute. Atropine, C.2 mg IV, was given, 
which again restored the pulse to 80 beats per minute. 
Diazepam, 5 mg, and Innovar, 1 ml, were administered 
intravenously. The blood pressure rose to 230/120 mm Hg. 
Chlorprom.zine, 2.5 mg IV, was given, and the pressure 
decreased t5 160/100 mm Hg without a change in the pulse 
rate which mained at 80 beats per minute. One-half hour 
later the opzration was completed without further need for 
sedation oratropine. Shortly after admission to the recovery 
room, the Hood pressure was 140/90 mm Hg, and the pulse 
rate had decreased to 50 beats per minute. The patient was 
awake and relaxed. His blood pressure stabilized at around 
110/70 mr Hg, but his pulse rate decreased further to 40 
beats per minute. 

At this point his preoperative ECGs were again reviewed. 
The previcusly noted first degree À-V block, incomplete 
right bunde branch block, and left anterior hemiblock 
persisted unchanged. Postoperative ECGs showed no 
changes except for a bradycardia of 33 beats per minute. 
The cardia.ogy consultant recommended the use of a tem- 
porary paczmaker. In reviewing the chart again, it was noted 
that the pztient had experienced episodes of bradycardia 
starting wich use of timolol eye drops. It was speculated that 
beta-block ng effects of this drug in conjunction with the 
anesthetic medications were responsible for the persistent 
bradycarda. The use of a pacemaker was deferred while 
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the patient was carefully monitored by ECG. Timolol was 
discontinued. 

The following day the patient’s blood pressure remained 
at approximately 110/70 mm Hg with a pulse rate of 40 
beats per minute. Otherwise, he was doing well. Almost 48 
hours after discontinuation of the timolol, his pulse rate 
was oetween 68 and 80 beats per minute and remained in 
this range until his discharge from the hospital 1 week later. 


Discussion 


Beta-adrenergic receptor antagonists, clinically in- 
troduced more than a decade ago, have proven effec- 
tive in the treatment of cardiac arrhythmia, angina 
pectoris, and systemic hypertension.* Some also re- 
duce normal and elevated intraocular pressure follow- 
ing oral, intravenous, and topical administration. ? 5"? 

The ability of timolol maleate opthalmic solution, 
a beta;- and betag-receptor blocker having no intrinsic 
sympathomimetic activity nor membrane stabilizing 
activ:ty, to decrease IOP was recognized in normal 
volunteers? The mechanism of action of timolol in 
reducing IOP is not known but appears to be a 
reduction of aqueous formation.? Timolol, paradoxi- 
cally, even reduced IOP when given topically in pa- 
tients responding to sympathomimetics with a reduc- 
tion in IOP. Concomitant administration of timolol 
with epinephrine seems to enhance reduction of IOP 
in many patients with glaucoma, although its mode 
of action is unknown.'^! Timolol is presently the 
beta-blocker of choice for management of increased 
IOP in patients with open-angle glaucoma and is 
widely used for this purpose.'’ The systemic use of 
beta-blockers is contraindicated in patients with con- 
gestive heart failure, bronchial asthma, marked sinus 
bradycardia, second or third degree A-V block, S-A 
block, sinus arrest, cardiogenic shock, and allergic 
rhinitis.” Timolol, as a beta-blocker is no exception 
to these contraindications due to possible systemic 
absorption, although timolol has been claimed to have 
minimal adverse systemic effects when used as topical 
ophthalmic solution.* 1% 1> Katz et al? reported no 
clinically significant decreases in systemic or diastolic 
pressure or in heart rate after three successive week- 
end applications of timolol ophthalmic solution in 
normal volunteers. 

However, McMahon et al” in their study of 165 
patients (280 eyes) with various types of glaucoma 
who had been taking timolol for 3 months or more 
found adverse effects involving one or more organ 
systems in 38 (29%) of the patients after timolol was 
added to their glaucoma therapy. Side effects related 
to cardiovascular system included bradycardia, pal- 
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pitations, hypotension, and syncope. Eight patients 
were symptomatic, but 39% of all patients had asymp- 
tomatic decreases in pulse rate. Syncope was reported 
by three patients." Other serious side effects of ti- 
molol eye drops which have been reported include 
exacerbation of bronchial asthma’? and worsening of 
congestive heart failure with bradycardia.'* 

Our patient had cardiac conduction defects greater 
than first degree A-V block and, therefore, timolol 
was relatively contraindicated. However, advantages 
represented by the ability to control IOP in difficult 
glaucoma cases with the use of timolol may outweigh 
the disadvantages of potential adverse effects on the 
cardiovascular system, especially when other anti- 
glaucoma drugs may have proven ineffective. 

Despite reported clinical cases of adverse effects, 
timolol represents a major advance in the medical 
therapy of glaucoma with a minimum of systemic 
side effects!" and, therefore, will be encountered with 
increasing frequency. 

The extent to which systemic absorption may occur 
after a prolonged topical use of timolol and the mag- 
nitude of the subsequent adverse effects are presently 
not clear, but it is important for anesthetists to re- 
member that beta-blocking agents other than pro- 
pranolol are being used clinically for noncardiovas- 
cular purposes. Patients receiving timolol ophthalmic 
solution for treatment of open-angle glaucoma should 
be carefully screened preoperatively for possible ef- 
fects of timolol on the cardiac conduction system. In 
the presence of severe bradycardia or heart blocks, 
timolol should be discontinued before elective sur- 
gery until normal heart rate is restored. 

In our case, 48 hours after discontinuation of ti- 
molol ophthalmic solution, heart rate returned to 
normal. If the clinical situation does not permit dis- 
continuation of timolol, atropine, isoproterenol, and 
a temporary pacemaker should be available periop- 
eratively. 
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Gas Gangrene Associated with Radial Arsery Catheterization 


Fatal Clostridium perfringens septicemia occurred in an adult diabetic admitted with severe 
ketoacidosis, complicated subsequently by congestive heart fa lure and respiratory failure. Swelling 
and cyanosis was first observed at the insertion site of a radial artery catheter, and subcutaneous 
crepitus was also noted in the area. The insertion sites of two venous catheters were not affected. 
Subcutaneous crepitus was also detected in the left calf. The patient developed profound shock and 
died 10 hours after the localized infection was first observed. Clostridium perfringens was isolazed 
from blood cultures. The author suggests that strict observ.tion of established infection control 
procedures when indwelling intravascular devices are used -hould prevent this type of hospital- 
acquired infection. (Rose HD: Gas gangrene and Clostridium perfringens septicemia associated with 
the use of an indwelling radial artery catheter. Can Med Asso? J 121:1595- 1596, 1979) 

See also —Meakins JL: Infection associated with radial artery -atheters. Can Med Assoc J] 121:1564- 
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Cardiopagus in Neonatal 
Thoracopagus Twins: 
Anesthetic Management 


Edmond C. Bloch, MB, ChB, FFARCS,* 
and Joannes H. Karis, MD} 


During the last three decades, descriptions of the 
anesthetic management of conjoined twins for sepa- 
ration surgery have appeared in the literature, and 
reviews have been presented by Keats et al’ and Jarem 
et al.* We have not been able to find a description of 
the management of anesthesia for the separation of 
thoracopagus twins with multiple cardiac anomalies 
and a vascular zommunication between the two 
hearts. We think that the latter anomaly is aptly 
described by the term cardiopagus; we present this 
report to describe our unusual case and the unusually 
early intervention that was forced upon us. 

The female twins were the product of an unre- 
markable 39-week gestation in a 36-year-old gravida 
8, para 9. Because of a transverse presentation, cesar- 
ean section was decided upon, during which the 
unexpected conjoined twins were delivered. Both in- 
fants had Apgar scores of 8/8 at 1 and 5 minutes, and 
after initial stabilization were transferred to our insti- 
tution within a few hours. The combined weight was 
5440 gm; baby A appearing to be slightly larger than 
baby B. 

Persistently low arterial oxygen tensions (Pao, = 40 
mm Hg, Fro, = 1.0) led to cardiac catheterization on 
the 2nd day for evaluation of possible congenital 
cardiac defects. Angiographic studies revealed that 
the left atria were joined by what appeared to be a 
myocardial bridge containing a vascular channel. In 
addition to this, baby A had a ventricular septal 
defect, an atrial septal defect, a patent ductus arteri- 
osus, and severe pulmonary atresia. Baby B had tri- 
cuspid atresia, common atria, and a small patent 
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ductus arteriosus (Figure). The infants appeared to 
have a common liver with separate biliary systems. 
The intestinal and renal systems were separate. The 
angiographic investigation was complicated by severe 
metabolic acidosis which necessitated, among other 
measures, ventilatory assistance. To this end, awake 
endotracheal intubation was performed in both in- 
fants without muscle relaxants and without difficulty 
using 3-mm i.d. tubes, despite their face-to-face po- 
sition. Separate ventilators were used to provide me- 
chanical ventilation for each infant, and the endotra- 
cheal tubes remained in situ for the rest of their 
management. 

The angiographic studies in baby A indicated that 
pulmonary perfusion was totally dependent upon 
flow through the ductus arteriosus, and then via two 
rather small pulmonary arteries to the pulmonary 
circulation. In order to increase pulmonary flow and 
thereby improve the arterial oxygen tension, it was 
decided to administer prostaglandin E; since this 
hormone maintains the patency of the ductus arteri- 
osus.? * Initially, this was attempted by means of an 
infusion via a peripheral vein on the dorsum of the 
left hand at a dose of 0.1 ug/kg/min, but this had no 
effect as judged by measurements of Pao,. A catheter 
was then threaded retrogradely through the femoral 
artery into the aorta until its tip lay at the point in the 
aorta at which the ductus arteriosus arose. Infusion of 
prostaglandin E, at the same dose level made it pos- 
sible to reduce the Fro, from 1.0 to 0.4 while main- 
taining arterial oxygen tensions in the range of 40 to 
50 mm Hg. Because of circulatory failure in baby B, 
a dopamine infusion (14 ug/kg/min) was started on 
day 6. 

It became apparent that drugs given to one infant 
often worsened the condition of the other and that 
neither infant was improving despite intensive mul- 
tisystem support. By the 9th day, it was decided that 
surgical separation offered the only chance of sur- 
vival. 

On the afternoon before surgery, the anesthesiol- 
ogists, surgeons, and pediatricians conferred at length 
concerning the status of the infants, and a coordinated 
plan of action was decided upon. A rehearsal was 
conducted in the operating room, during which every 
step of the proposed procedure was simulated so that 
each person knew what was expected of him and how 
he was to coordinate his activities with others. 
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Baby B i: Baby A 


FiGURE. Diagrammatic representation of cardiovascular anom- 
alies. RSVC, right superior vena cava; LSVC, left superior vena 
cava; IVC, inferior vena cava; RA, right atrium; LA, left atrium; 
RV, right ventricle; LV, left ventricle; DA, ductus arteriosus; PA, 
pulmonary artery; AO, aorta; PV, pulmonary vein. 


Separation Procedure 


There were two anesthesia teams. Each consisted of 
a senior anesthesiologist, an assistant, and an anes- 
thesia technician. An additional anesthesiologist was 
present to coordinate activities, to ensure the availa- 
bility of drugs and blood, and to supervise the re- 
cording of data. 

In both infants the right temporal artery had been 
catheterized for monitoring of blood gas tensions and 
arterial pressure in the intensive care nursery. The 
left femoral veins had also been catheterized for cen- 
tral venous pressure monitoring. On arrival in the 
operating room the electrocardiograms (lead II), elec- 
troencephalograms, and intra-arterial and central ve- 
nous pressures were displayed on two separate poly- 
graph strip recorders. Temperatures were monitored 
by means of esophageal probes. 

Anesthesia was induced with a mixture of 50% 
N3O/O, administered via the endotracheal tubes 
from separate anesthesia machines. We used a Bain 
circuit for baby A and the Rees modification of Ayres 
T-piece for baby B, these being the preferences of the 
individual anesthesiologists concerned. Both infants 
were manually ventilated throughout surgery and, by 
frequent reference to arterial blood gas tensions, a 
moderate degree of respiratory alkalosis was main- 


tained. We anticipated and indeed found this to be 
useful in mzintaining an acceptable arterial pH in the 
face of, at imes, quite alarming metabolic acidosis 
which we managed with sodium bicarbonate in ap- 
propriate deses. (Baby A received 18 meg of sodium 
bicarbonate in five divided doses, and baby B received 
24 meq in tnree. divided doses.) 

The pharmacokinetics of the situation was complex. 
In view of eur experience with therapeutic agents in 
the intensive care unit, we anticipated that there 
would be scme degree of cross-circulation. In addition 
both infant: were somewhat edematous, making pre- 
diction of crug dosages more difficult. We gave 0.15 
mg of pancuronium intravenously to baby B, and 14 
minutes later we noted that, while the effect on baby 
B was con:iderable, there was very little effect on 
baby A. W= therefore decided each team would man- 
age pancuronium and other drug requirements for 
their resper tive patients. 

Separaticn was commenced by opening the abdo- 
men. The common liver was divided, using a tourni- 
quet and eEctrosurgical hemostasis. Major blood loss 
occurred at this time. 

Followinz separation of the diaphragms, the com- 
mon pericardial sac was opened and this revealed two 
hearts with a bridge of tissue 2 cm in length and 4 cm 
in diamete- joining the two left atria in their lower 
posterior aspects. Just before division was attempted, 
baby B developed ventricular fibrillation. This re- 
sponded tc 0.2 mg of intracardiac epinephrine and dc 
defibrillation using 10 watt seconds. Thereafter, sep- 
aration wes completed uneventtully. At this time 
another operating table with warming blanket and 
sterile drapes was moved up and baby B was trans- 
ferred to it without disruption of anesthetic manage- 
ment and monitoring. Closure of the defect in this 
baby, commencing with the abdomen, proceeded well 
until the Bst few sutures were being placed to ap- 
proximate the edges of the defect over the heart. 
These sutures were tied under some considerable 
tension and this resulted in acute cardiac tamponade. 
The sutur2s were rapidly removed and construction 
of a tent-saaped prosthesis of Silastic-reinforced Da- 
cron shee-ing to cover the defect proved to be the 
solution tc this problem. 

In baby A, following separation, the problem of 
inadequat» pulmonary flow was dealt with by means 
of a prostaetic graft anastamosis 4 mm in diameter 
between tne pulmonary artery and the aorta. After 
this, Pao, zose from 55 to 91 mm Hg, the Fro, at this 
time beirg 0.5. During closure of the abdominal 
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defect, it was noted with concern that the liver ap- 
peared cyanotic, but no anatomical reason for this 
was evident. Repair of the abdominal and chest de- 
fects in this child necessitated the use of a sheet of 
Silastic and Teflon felt to obtain closure. 

During separation, it was impossible to know which 
infant was losing blood volume and though we had 
facilities for measuring blood loss by gravimetric and 
colorimetric methods, we found this to be of no 
practical value. The replacement of blood loss could 
only be managed by reference to the arterial and 
central venous pressures in each infant. In order to 
have better control of filling pressures in baby A, a 
left atrial catheter was inserted after separation. This 
infant received a total of 425 ml of fresh whole blood, 
and baby B received 190 ml of fresh whole blood. The 
infants were in the operating room for nearly 7 hours, 
during which time baby A received a total of 1.25 mg 
of pancuronium and baby B a total of 0.77 mg of 
pancuronium. Since both were in unstable condition 
at the conclusion of surgery, we decided instead of 
reversing the relaxant to resume mechanical ventila- 
tion postoperatively. 

Both patients were taken to the intensive care nurs- 
ery in reasonable but by no means satisfactory con- 
dition, each requiring intensive pharmacologic and 
ventilatory support. They had stormy postoperative 
courses with problems arising from hemorrhage, hy- 
potension, acidosis, renal and hepatic failure, and 
disseminated intravascular coagulopathy. Baby A 
died 24 hours after surgery and baby B 2 days there- 
after. Postmortem examinations confirmed the ana- 
tomical defects that had been diagnosed preopera- 
tively. The primary cause of death was considered to 
be cangestive cardiac failure resulting in pulmonary, 
renal, and hepatic insufficiency. 


Discussion 


We found the following points to be particularly 
important in an anesthetic management of these two 
patients: . 

1. Thorough preoperative discussion with surgical 
and pediatric colleagues in the relaxed atmosphere of 
a conference room provided a detailed description of 
the anatomical and functional anomalies and an ap- 
preciation of the medical status of the infants. 

2. A detailed rehearsal of the entire procedure, 
going through each step from transportation from the 
nursery to separation of the infants and, as in our 
case, the movement to a separate operating table. Each 
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member of the team knew exactly what his respon- 
sibilities were and thus confusion was avoided. 

3. The use of color coding for all vascular lines, 
monitoring leads, apparatus, records and personnel as 
advocated by Furman et al? We used two completely 
separate anesthesia machines and monitoring sys- 
tems. 

4. The use of central venous and intra-arterial pres- 
sures as a guide to blood loss replacement, and as 
continuous indicators of cardiovascular function and 
of tamponade. 

5. The availability of laboratory facilities near the 
operating room for the rapid determination of arterial 
blood gases, hematocrit and electrolytes. 

6. The application of all possible measures to main- 
tain normothermia. Despite all our efforts (room tem- 
perature 76 F, circulating warm water mattresses, 
heated humidified gases, warmed intravenous fluids 
and blood) baby B arrived in the intensive care unit 
with a rectal temperature of 34 C, and temperature 
only reached normal levels 8 hours later. 

7. Restriction of people in the operating room. 
Only essential personnel were admitted, but despite 
this, overcrowding in the operating room was a no- 
table burden. 

8. Placement of all required arterial and venous 
lines prior to the transport of the infants to the 
operating room. In general, it is easier to maintain 
normothermia while placing these lines in the envi- 
ronment of an intensive care nursery; the anesthe- 
siologist will, upon arrival in the operating room, then 
be able to direct his attention to the well-being of the 
infants, rather than becoming involved in technical 
manipulations. 

9. Plans to communicate with the parents and the 
media. Each institution will have its own particular 
circumstances; in our hospital a nurse was assigned 
solely to communicate with and support the parents, 
and a physician was designated to communicate with 
the media. Hospital security staff not only assured us 
of unhampered movement from the nursery to the 
operating room and back through tightly controlled 
corridors, but also prevented unauthorized entrance 
to the operating rooms. 

10. In view of the large amounts of sodium bicar- 
bonate we found necessary to control metabolic aci- 
dosis, we would in the future be more cognizant of 
the hazards of the sodium load and hyperosmolarity; 
since our patients were being ventilated, tris(hy- 
droxymethylaminomethane (THAM) might have 
been preferable to sodium bicarbonate. 
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11. We feel that it is important to establish an 
airway and be able to control ventilation in both 
patients before relaxant drugs are given to either 
infant. This is because the effect on the second infant 
may not be predictable since the direction of cross- 
circulation may vary from minute to minute. 

In summary, our experience in dealing with these 
neonatal thoracopagus twins with cardiopagus em- 
phasizes the necessity for thorough advance discus- 
sions between surgeons, anesthesiologists, and pedia- 
tricians, rehearsal in the operating room, and metic- 
ulous attention to the pharmacologic responses of 
both infants to drugs given to one. 
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A Quantitative 
Neuromuscular Blockade 
Monitor | 


John P. Karis, Larry W. Burton, PhD,* and 
Joannes H. Karis, MD1 


Introduction of muscle relaxants into clinical anes- 
thesia has enabled the anesthesiologist to provide his 
surgical colleagues with operative conditions which 
were difficult to achieve without the use of these 
drugs. Unfortunately, the administration of muscle 
relaxants is complicated by a large difference in drug 
sensitivity among patients. For example, Katz! found 
that 0.1 mg/kg of d-tubocurarine produced approxi- 
mately 5096 reduction in twitch height in the majority 
of patients, but 7% of the patients were totally para- 
lyzed while 696 were unaffected. Clinical signs includ- 
ing the "feel of the bag" generally are inadequate 
guides for either the dose of relaxant needed to pro- 
vide adequate surgical relaxation or for recognition of 
the return of normal neuromuscular transmission. 
Stimulation of a peripheral nerve and observation of 
the resulting mechanical or electrical activity of the 
muscle can give a direct measurement of the degree 
of neuromuscular blockade. Botelho? concluded from 
a study in patients with myasthenia gravis and in 
partially curarized patients that measurement of the 
mechanical activity was more accurate than use of the 
electromyogram. As early as 1958, Christie and 
Churchill-Davidson? suggested the use of a nerve 
stimulator during procedures in which muscle relax- 
ants were used for more than endotracheal intubation. 

Although methods exist to measure and thus to 
quantitate the twitch tension caused by nerve stimu- 
lation, the traditional instrumentation is relatively 
expensive, cumbersome, and time consuming to ap- 
ply. As a result, some anesthesiologists depend upon 
the visual observation of the hand movement, while 
others do not consider that the benefits derived from 
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the use of a nerve stimulator justify the application of 
stimulating electrodes. Many anesthesiologists prefer 
the use of a train-of-four stimuli at 2 Hz as popular- 
ized by Ali et al.* Since the second, third, and fourth 
twitch are progressively more depressed by nonde- 
polarizing neuromuscular blocking agents, one can 
better evaluate the depth of a neuromuscular block 
with a train-of-four stimuli than with single stimuli. 

Anesthesiologists need an apparatus that gives an 
accurate quantitative measure of the degree of neu- 
romuscular block, yet requires little time to apply and 
is not influenced by the operation of other instru- 
ments. We have designed and tested an instrument 
that meets these criteria. 


Methodology and Circuit Description 


The quantitative neuromuscular blockade (QNB) 
monitor is portable and battery operated. It consists 
of two parts: a nerve stimulator and an apparatus that 
quantitates the resulting twitch tension. Referring to 
Fig. 1, its operation can be described as follows. 

Power is supplied from a 12-volt rechargeable bat- 
tery, utilizing a dc-dc converter and subsequent linear 
regulation (A). Three timing oscillators (B) run con- 
tinuously to provide a 2 Hz train-of-four timing sig- 
nal, a 5C-Hz tetanus signal, and a 30-, 60-, 120-, or 
180-second stimulus interval timing signal. Logic cir- 
cuitry (C) generates 0.2-msec stimulus pulses at ap- 
propriate intervals. The pulses are amplified by the 
electrically isolated output stage (D) to provide a 
voltage suitable for stimulation of the ulnar nerve. If 
desired, a 50-Hz tetanic stimulus can be delivered. 

Mechanical twitches of the patient's hand are 
sensed from pressure changes in the air-filled bag 
being gripped by the patient (E). Peak pressures cor- 
responding to maximum twitch tension are detected 
and stored by the pulse analysis circuitry (F). The 
ratio of the maximum response of the first train-of- 
four pulse to a reference (beginning of case) value and 
the ratio of the maximum response of the fourth pulse 
to the first pulse (T4/T1) are expressed as percent on 
two digital displays (C). 

Use of the instrument in a typical case is as follows: 
a surface ECG electrode is applied over the ulnar 
nerve at the elbow and another over the ulnar nerve 
proximal to the wrist. The patient's hand with the 
fingers slightly flexed is inserted in a transparent 
plastic box with the palmar surface contacting an air- 
filled rubber bag inflated to a pressure of approxi- 
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mately 30 mm Hg. Train-of-four stimuli are given 
every 15 seconds while constantly increasing the am- 
plitude of the stimulus. Eventually, the reading of the 
meter marked “Percent of Original” will reach a 
maximum, indicating that a supramaximal response 
has been obtained. Stimulus amplitude is then further 
increased to ensure that the stimulus is well above the 
supramaximal value. The “Reference Set” knob is 
adjustec next so that the “Percent of Original” meter 
indicates 100% and the stimulus repetition is switched 
to the desired rate. Operation of the device is totally 
automatic from this point on with the percent of the 
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Fig 1. QNB circuit block diagram. 
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Fig 2. Changes in twitch tension as percentage of contro! 
evoked by the first stimulus of a train-of-four stimuli as calculated 
from a recording using a force displacement transducer (broken 





original tw.tch as well as the T4/T1 ratio being dis- 
played corcinuously. 

The deve has been used in a variety of orthopedic 
and generel surgical procedures in which neuromus- 
cular blocLing agents were required. In six patients, 
in whom »oth arms were accessible and with the 
patient's irformed consent, one arm was connected to 
the QNB monitor and the other to a conventional 
system, ccnsisting of a Grass farce transducer and 


polygraph. 
Results 


The prozression of a neuromuscular block as mea- 
sured witF both the QNB monitor and the conven- 
tional metaod is plotted in Fig 2. The twitch tension 
is indicated as a percentage of the control following 
the admin&tration of d-tubocurarine. This graph was 
chosen because of the relative lack of sensitivity of 
this 74-kg »atient. He received 42 mg of curare before 
the neuromuscular blockade became 8096 effective; 
half this zmount is the average dose needed for a 
patient of his size to produce a block of this degree. 
The inforraation thus obtained was very helpful dur- 
ing the menagement of this case. Fig 3 shows the T4/ 
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line) and as plotted from values obtained with the QNB monitor 
(solid line). 


ANESTHESIA AND ANALGESIA 
Vol 59, No 4, April 1980 


309 


CLINICAL REPORTS 


— dTc 9 
— dic 6 
— dÜIc6 
— dTe 6 
— dfc 6 
— dTc 6 
— dTc 3 


o9 i 


© e o 
in o ^ 


Fourth Twitch/Fist Twitch Ratio 
o 
P5 


0.3 


0.2 


0.1 


o 5 30 45 60 


75 90 i05 i20 135 


Time in Minutes 


Fig 3. Ratios between heights of fourth and first twitch re- 
sponses as calculated from a recording made with a force 


T1 ratio measured in the same patient during the 
same case. Although small differences between the 
tracings are visible, they are of little clinical impor- 
tance and may be due to a difference in sensitivity to 
the drug in each arm rather than the different meth- 
odology. In all patients in whom comparative mea- 
surements were made, the percentage of twitch ten- 
sion indicated by the QNB monitor correlated well 
with percentages calculated from values obtained with 
the conventional method. 

We found that artifacts caused by positioning and 
surgical manipulation were less pronounced with the 


QNB monitor than with the conventional Grass re- 
cording. 


Discussion 


A portable, noninvasive, inexpensive device for 
quantitative monitoring of neuromuscular blockade 
is described. This device is simple to use and is 
suitable for routine use in anesthesia. It is suggested 
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displacement transducer (broken line) and plotted from values 
obtained with the QNB monitor (solid line). 


that the routine quantitative monitoring of neuro- 
muscular blockade will allow the anesthetist to titrate 
more accurately the dose of both neuromuscular re- 
laxants and antagonists according to the needs of the 
individual patient. In addition, the device provides a 
useful educational tool for instruction in safe admin- 
istration of neuromuscular blocking and reversal 
agents. We anticipate that the device will become 
available commercially at a reasonable cost in the 
near future. 
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Postoperative Alopecia 


Kita D. Patel, MD,* and 
E. O. Henschel, MD} 


Postoperative alopecia due to intraoperative pres- 
sure on the scalp has been described as a minor 
reversible complication of anesthesia.’ Review of the 
literature"? shows that postoperative pressure alope- 
cia is most likely to occur after lengthy anesthesia 
associated with hypotension, blood loss, or continued 
pressure over an area of the scalp. The present case 
describes development of temporary alopecia with 
none of the precipitating factors reported in the lit- 
erature which resulted from pressure of a soft foam 
“doughnut” used to rest the head of a patient during 
a lengthy anesthetic. 


Case Report 


A 15-year-old white girl was scheduled for an elective 
left reduction mammoplasty and right mastopexy. Preop- 
erative evaluation showed the patient to be in excellent 
health. She gave a past history of spinal meningitis as a 
child with complete recovery. She had no previous surgery 
and was not on any medications. Physical examination, in 
addition to the mammary findings, revealed only a soft 
systolic murmur, heard best at the apex. Laboratory data 
were within normal limits. 

The patient was premedicated with Innovar (1.5 ml) and 
atropine (0.6 mg) intramuscularly. Anesthesia was induced 
with thiopental (450 mg) and, after 3 mg of d-tubocurarine, 
succinylcholine (100 mg) was given and the trachea intu- 
bated with a size 36 oral endotracheal tube. Anesthesia was 
maintained with N;O, Oz, and halothane. 

The patient was placed in a 40? Fowler's position with 
both arms at her side. Her waist-length hair was covered 
with a paper cap and the head positioned over a soft foam 
"doughnut." 

Anesthesia was uneventful during the 6'4-hour operation. 
Specifically, there was no hypotension. Estimated blood 


rm ean mnn 


* Assistant Professor, Acting Chief, Department of Anesthesiol- 
ogy, Mount 5inai Medical Center, Milwaukee. 

F Late Professor and Chairman, Department of Anesthesiology, 
The Medical College of Wisconsin; Director, Department of Anes- 
thesiologv, Milwaukee County Medical Complex; and Chief, Anes- 
thesiólogy Services, Veterans Administration Center, Wood, Wis- 
consin. 

. Received from the Department of Anesthesiology, Mount Sinai 
Medical Center, 950 North Twelfth Street, Milwaukee, Wisconsin 
53201. Accepted for publication December 24, 1979. 

Reprint requests to Dr. Patel. 





loss was 40€ ml. Five percent dextrose in lactated Ringer's 
solution (1050 ml) was given during the procedure. 

On her forlow-up visit to the clinic, a month after surgery, 
the patient complained of excessive hair loss. She reported 
that two ba.d spots on the occipital area were noted by a 
friend. The loss of hair was not associated with pain, 
tenderness, swelling, itching, exudation, or scaling. 

On examination (Fig 1), two symmetrical areas 3 x 2 cm 
and 3 x 5 cm in size resembling alopecia areata were noted. 
The bald areas, identical in shape, followed the outline of 
the foam "coughnut" on which the patient's head rested 
during the surgical procedure (Fig 2). Reexamination 2 
months after anesthesia revealed short stubs of hair. Com- 
plete regroveth of hair occurred in 6 months. 


Discussion 


Postoperative pressure alopecia, though a minor 
and self-limiting complication of general anesthesia,’ 
is disturbimg to both patient and physician. Tempo- 
rary loss oc hair unaccompanied by atrophy or scar- 
ring may eccur from a number of etiologic factors 
(Table).** 

Abel" has reported a series of 16 cases of reversible 
postoperat-ve alopecia. The majority of these patients 
had undergone lengthy gynecologic procedures in the 
Trendelenburg position with associated hypotension. 
In the immediate postoperative period, 50% of the 
patients complained of pain, swelling, or serous exu- 
dation anc crusting in the area of scalp upon which 
the head rested during the operation. Central vertex 
was the most common area to be affected, although 
alopecia also involved the occipital and parietal areas 
in some patients. Alopecia appeared about the 15th 
day (range of 3 to 28 days) following anesthesia. 
Complete regrowth occurred in all cases within 120 
days. The authors advised the use of foam doughnuts 
under the 1ead as one of the measures for prevention 
of this conaplication. 

Gormle- and Sokoll" in 1967 reported a case of 
permanen: alopecia resulting from the use of a head 
strap with a face mask during the 6'4-hour anesthetic. 
During ths time the head strap was not loosened or 
detached and permanent alopecia resulted. 

The head of a normal adult weighs about 2.8 kg. 
This weigkt usually rests on the same scalp area when 
the patien is in the supine position. The pressure on 
the scalp may be increased in certain positions, es- 
pecially the Trendelenburg position.” The resultant 
pressure-induced ischemia may cause temporary ces- 
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sation of sollicular activity leading to loosening and 
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depilation. Comparable pressure-induced ischemia 
probably explains the case of permanent alopecia 
reported by Gormley and Sokoll. By holding the 
anesthesia face mask, the dependent force is increased 
by the anesthesiologist’s hand.” 

Scalp ischemia secondary to pressure could be ag- 
grevated by blood loss and vasoconstriction or by 
hypotension in further circulatory insufficiency of the 
skin.” 

Abel and Lewis” found pressure-induced alopecia 
to be associated with obliterative vasculitis in experi- 
mental animals. 

It is of interest, that our patient developed alopecia 
even though her hair was protected with a cap and 
her head placed on a soft foam rubber “doughnut.” 
The Fowler’s position places the maximum pressure 
on the base of the occiput, not the dorsum, where the 
alopecia was noted. Moreover, the patient was not 
hypotensive during the prolonged anesthetic. 

Our patient developed relatively sudden onset of 
symptomless loss of hair. The differential diagnosis 
included concomitant and purely coincidental occur- 
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Two symmetrical areas of postoperative pressure alopecia seen 60 days after anesthesia. 





Fig 2. Areas of alopecia followed the outline of the foam rubber 
“doughnut” on which the head of the patient rested for 61% 
hours. 

rence of alopecia areata. However, in alopecia areata 
the spontaneous regrowth is often associated with 
depigmented hair, or faulty stubs of hair, the so-called 
“exclamation point” hairs. Microscopic examination 
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TABLE 
Etiologic Factors of Alcopecia 





Acute: trichotillomania 

Chronic: ‘‘Pony tail” alopecia and 
alopecia marginalis 

Dyes, bleaches, ammonium 
thioglycolate, chlorobutadiene 


1. Traction 


2. Chemicals 


3. Infection Staphylococcus aureus; ringworm 
infection 
4. Drugs Anticoagulants 


Chemotherapeutic agents 
Chlorpromazine 

Excessive doses of vitamin A 
Alopecia areata 

Prolonged febrile illnesses 
Systemic lupus erythematosus 
Severe cachexia 

Endocrine disorders 

Acute trauma-—-blow to the scalp 
Prolonged pressure 


5. Miscellaneous 


6. Trauma 





of the area confirms the diagnosis as the underlying 
process is inflammatory. 

In our patient, the clinical picture did resemble 
alopecia areata, but as biopsy of the area of alopecia 
was refused by the patient, the concomitant occur- 
rence of alopecia areata cannot be ruled out. 

The occurrence of postoperative alopecia can be 
avoided by intermittent repositioning of the head, by 
minimizing areas of unavoidable pressures, and by 
avoiding hypotension.? 

In summary, a case of postoperative pressure alo- 


pecia is reported, where none of the usual contribut- 
ing factors were present. A soft foam “doughnut” was 
usec. to sta»ilize the head during the procedure and 
yet postopezative alopecia occurred. 
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USP Oxygen Stand- 
ards 


To the Editor: 


The letter to the Editor by Bassell 
et al (Anesth Analg 58:441-442, 1979) 
raised a question as to the adequacy 
of the quality standards for oxygen as 
provided for in the United States 
Pharmacopeia. The rationale for such 
an implication was based on two 
premises: (1) In a gas chromatogram 
they detected an unidentified peak 
which they concluded was some hy- 
drocarbon. (2) USP standards do not 
account for all possible contaminants. 
Proof of this was that if oxygen USP 
were to assay at the minimum 
(99.0%), and at the maximum 300 
ppm carbon dioxide, 10 ppm carbon 
monoxide, and 5 ppm oxides of nitro- 
gen, there could possibly be 9685 
ppm unaccounted for. From these 
premises they concluded that oxygen 
USP could be contaminated with toxic 
and even lethal amounts of hydrogen 
cyanide, benzene, and carbon tetra- 
chloride. 

Such unfounded scare tactics must 
be countered with facts. First, com- 
pendial standards cannot possibly ex- 
clude every possible contaminant in 
every product. The aim is to test for 
and limit those contaminants that are 
likely to occur as a result of the man- 
ufacturing, processing, and packaging 
processes. This is recognized in the 
“General Notices" in the USP: ^... it 
is manifestly impossible to include in 
each monograph a test for every im- 
purity or adulterant that might be 
present.... Tests suitable for detect- 
ing impurities the presence of which 
is inconsistent with good pharmaceu- 
tical practice ... should be employed 
in addition to the tests provided in 
the individual monograph." 
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Furthermore, the USP monograph 
on oxygen specifically states: "Con- 
tainers used for oxygen must not be 
treated with any toxic, sleep-induc- 
ing, or narcosis-producing com- 
pounds, and must not be treated with 
any compound that will be irritating 
to the respiratory tract when the ox- 
ygen is used." 

Oxygen USP is generally produced 
cryogenically by the liquefaction of 
air. It normally contains 99.5% to 
99.7% oxygen, 0.3 to 0.5% argon, 5 to 
50 ppm of methane, and little else. 
USP XX (released January 2, 1980) 
requires that the label indicate 
whether or not the oxygen has been 
produced by the air-liquefaction 
process, and further such oxygen is 
exempt from the requirements for 
limits of carbon dioxide and carbon 
monoxide because the process elim- 
inates them. There is no limit for 
argon because it is inert and harmless 
at these levels. 

The authors did not identify or 
quantify the peak they observed by 
gas chromatography. They appar- 
ently had no evidence that it was any 
of the three hypothetical contami- 
nants; more than likely it was meth- 
ane, which is not removed by the air- 
liquefaction process. Brannon et al (J 
Assoc Off Anal Chem 59:1404, 1979) 
of the Food and Drug Administration, 
using infrared spectrophotometry, 
detected methane at levels of approx- 
imately 20 to 40 ppm in three samples 
of oxygen USP. Such small quantities 
are unobjectionable under conditions 
in which oxygen is customarily em- 
ployed. 

William W. Wright, PhD 
Senior Scientist 

Drug Standards Division 
United States Pharmacopeia 
Rockville, MD 20852 


Purity of Oxygen, 
USP 


To the Editor: 


The letter of Bassell et al on “Purity 
of USP Medical Oxygen,” (Anesth 
Analg 58:441-442 1979) has drawn 
attention to the absence of clear guid- 
ance for users on the amounts of 
which impurities are likely to be pres- 
ent in a cylinder of oxygen. 

There presently exist two separate 
standards: (1) the USP, which re- 
quires that oxygen shall contain not 
less than 99.0% by volume of oxygen, 
and (2) the Compressed Gas Associ- 
ation pamphlets G4, “Oxygen,” and 
G.4.3 "Commodity Specification for 
Oxygen.” The G.4.3 document spec- 
ifies eight grades of oxygen, of which 
grade A, containing 99.0% Os, and 
grade D, containing 99.5% Ox, satisfy 
the USP requirements. Grade E, con- - 
taining 99.5% Os and defined low 
levels of hydrocarbons is the specifi- 
cation used for welding! Grade F at 
99.9996, Oz and grades G and H at 
99.995% Os are normally used only 
for analytical purposes. 

Although oxygen produced by the 
fractional distillation of compressed 
air must be of at least welding grade 
at the distillation plant, much of it is 
supplied to the medical consumer in 
small cylinders which are transfilled 
from larger ones by local oxygen dis- 
tributqrs (Stanford Smith, Task Force 
Chairman, USP Monograph for Med- 
ical Gases, Compressed Gas Associa- 
tion, personal communication). These 
smaller cylinders are evacuated by 
vacuum before filling with oxygen; 
however, a certain amount of nitrogen 
will be present so the percentage of 
oxygen in the cylinder will be less 
than the 99.5% plus purity supplied 
by the producer. The simple Orsat 


test specified in the USP must be 
carried out by the distributor before 
releasing cylinders to medical users 
in order to satisfy FDA requirements. 
The CGA Commodity Specification 
for Oxygen specifies a gas chromato- 
graph and other sophisticated appa- 
ratus that may be used to determine 
the quantities of inert gases, hydro- 
carbons, methane, ethane, ethylene, 
acetylene, CO, CO, nitrous oxide, 
and halogenated refrigerant or solvent 
that may be present. 

The Compressed Gas Association 
has published a similar pamphlet 
G7.1, “Commodity Specification for 
Air,” which is also American National 
Standard Z86.1-1973 and in pamphlet 
G7, “Compressed Air for Human 
Respiration,” they explain which 
grades of compressed air are suitable 
for use in industry, fire fighting, or 
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general respiratory use and wkich 
types are suitable for sports diving to 
a depth of 125 feet. 

It is clear to me that the present 
problem with standards for oxygen 


' could readily be solved :f the CGA 


documents on oxygen were revierved 
for publication as an ANI Stancard 
with an explanatory pamphlet sirrilar 
to the one on "Compressed Air for 
Human Respiration,” to define which 
grades of oxygen are suitable for 
which purpose. This would clearly 
indicate to the research worxer, 
welder, or physician treating a patent 
the grade of oxygen they should use. 
For example, I am sure that Basseil et 
al would be much happier consuking 
the Compressed Gas Association's 
"Commodity Specification of Cxy- 
gen" which clearly indicates tha. in, 
for example, grade E (normally used 
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for welding), the maximum levels of 
hydrocarbons permissible are meth- 
ane, 40 ppm; ethane, 3 ppm; ethylene, 
0.2 ppm; and acetylene, 0.05 ppm. 
Once these documents become an of- 
ficial American National Standards 
Institute Standard it will be a simple 
matter for the USP to reference the 
ANSI documents so that research 
workers can be guided to the grade of 
Oz and the more precise analytical 
methods that their work might re- 
quire. 

I sincerely hope that the Com- 
pressed Gas Association will take the 
initiative in publication of such a use- 
ful standard. 


Leslie Rendell-Baker, MD 
Vice Chairman 

Committee Z79 ANSI 
Veterans Administration 
Loma Linda, California 92357 
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Controversy in Anesthe- 
siology, by J. E. Ecken- 
hoff, Philadelphia, W. B. 
Saunders Co., 1979, 312 
pp, $22.00. 


Debate enjoys a venerable reputa- 
tion in education and Dr. Eckenhoff 
has used the technique effectively by 
soliciting two authoritative essays 
propounding opposing views on a 
number of controversial issues in an- 
esthesia practice. The text contains 
approximately 20 essays with edito- 
rials, principally by the author whose 
professional stature and experience 
afford a perspective uncommon 
among anesthesiologists. 


The topics debated include halo- 


thane hepatitis; the effect of anes- 
thetics on reproduction; sterilization 
of anesthetic equipment; deliberate 
hypotension; tracheal intubation in 
parturients and in infants; anesthesia 
for coronary artery bypass operations; 
acupuncture; intermittent positive 
pressure breathing; intra-arterial 
monitoring; the training and supervi- 
sion of nurse anesthetists, including 
their use of regional anesthesia; and 
the responsibility for patient care in 
intensive care units. 

On some issues Dr. Eckenhoff ar- 
gues for gradual, timely adaptation to 
evolutionary change and thereby rec- 
onciles dissimilar views. He urges 
more immediate solutions for other 
issues, however, and proposes effi- 
cacy as justification for modifying 
practice. In the case of anesthetic ef- 
fect upon reproduction and regarding 
intermittent positive oressure breath- 
ing, the urgency seems prompted by 
an awareness of an increasingly reg- 
ulated, litigious society striving for 
cost containment and demanding 
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guick answers to seemingly unan- 
swerable questions. While few of us 
will be dissuaded from our personal 
biases, most should come away better 
informed about many facets of these 
particular issues and perhaps with the 
focus of our professional orientation 
sharpened. If criticism of the book is 
to be levied, it is toward the uneven 
guality of the presentations. Some of 
the adversarial papers seem to lack 
conviction in the counterpoint of the 
controversy the authors were asked 
to present. This limitation notwith- 
standing, the book deserves a careful 
reading by residents and practicing 
anesthesiologists. This much is not an 
issue for debate. 


Alan D. Sessler, MD 
Professor of Anesthesiology 
Mayo Medical School 
Rochester, MN 


Shock Trauma Manual, by 
W. Gill and W. B. Long. 
Baltimore, Williams & Wil- 
kins Co., 1979, 296 pp, 
$18.00. 


In 1971, one in four Americans was 
injured, 115,000 fatally. Eleven mil- 
lion required one or more days in a 
hospital, and 40,000 had long-term 
disability. Recognition of the need for 
improved prehospital care resulted in 
the EMT/Paramedic movement. But 
as Gill and Long point out, "A so- 
phisticated systems approach of 
triage, communication, and transport 
is of little avail if medical expertise of 
the highest order does not await the 
victim's arrival.” And it does not. This 
manual aims to increase the effective- 


ness of the trauma team-——surgeon 
leader, surgeon assistant, anesthesiol- 
ogist, and nurses—by stressing orga- 
nization and preplanning. The man- 
ual arises from the authors’ experi- 
ence at the Maryland Institute for 
Emergency Medicine. It is “a prag- 
matic guide to the logistics of evalu- 
ation and resuscitation of a patient 
with multiple and potentially critical 
injuries.” “(it) may help bridge the 
gap between education and experi- 
ence." Not an easy assignment! 

The book can be divided into three 
parts: (1) There is an 85-page theoret- 
ical discussion of aggressive diagnosis 
and therapy for the dynamically 
deteriorating multitrauma patient. 
There is still much to be discovered 
and the authors indicate areas of con- 
troversy. However, on the basis of 
their clinical experience, they recom- 
mended early intubation, minimal 
crystalloid, packed-cell reconstituted 
with 250 ml of plasma protein extract, 
and steroids, if necessary. The essen- 
tial role of the anesthesiologist on the 
trauma team is stressed; but it is 
doubtful that an anesthesiologist 
helped write or proofread the book. 
For example, the importance of basic 
airway control, the oral and nasal air- 
way, the full stomach, and cricoid 
pressure are not mentioned and, on 
page 23, nasal airway and nasal intu- 
bation are confused. (2) There is a 
collection of 135 pages of Trauma 
Algorifhms (with Dr. William Sacco) 
which are an outstanding contribu- 
tion to learning and practice. There 
are obvious disadvantages to the al- 
gorithm approach-—each patient is 
unique, perception is important in di- 
agnosis, etc; however, they do provide 
the score to orchestrate the trauma 
team. They give an overview, help 
organize knowledge, and they are a 
potent source of stimulation and con- 
tinuing education. In this manual, 
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lack.of adequate numbering of the 
algorithms | makes cross-reference 
cumbersome. In practice, they should 
be displayed on the wall of the resus- 
citation room for ease of reference. 
(3) There is a Guide to Organization 
(with Mary Kellog, RN) and a Tech- 
nical Appendix (illustrated by T. L. 
Holt), both of which are useful refer- 
ence sources especially for the smaller 
unit. There is room for improvement. 
The diagrams appear to be drawn by 
a talented amateur. They lack clarity, 
due to insufficient discrimination of 
surfaces and allusions to the third 
dimension. More specifically, the in- 
tubation diagram shows the blade in- 
correctly positioned on the dorsum of 
the tongue. The instructions for in- 
sertion of the Swan-Ganz catheter are 
confusing and need a pressure tracing 
illustration. Many authorities do not 
agree with bilateral subclavian vein 
catheterization, etc. 

But overall, this manual is an am- 
bitious undertaking which fills a prac- 
tical need in a short space. The pres- 
entation is less than ideal, there are 
mistakes, and the authors offer con- 
troversial therapies; however, their 
message concerning the need to pre- 
plan and organize rapid and aggres- 
sive therapy for the victim of multiple 
trauma comes over loud and clear. 
Although this book is not written pri- 
marily for the anesthesiologist, it 
should be required reading for every 
resident. It will be a stimulus for those 
in practice. 

Trevor Hughes, MD 
Assistant Clinical Professor 
of Anesthesia 
Veterans Administration Hospital 
Martinez, CA 


(———— ——— MÀ 
Modern Hospital, by E. 
Putsep, London, Lioyd- 


Luke Ltd, 1979, 687 pp, 
$20.00. 


Modern Hospital—International 
Planning Practices is an extensive 
presentation of the problems and at- 
titudes involved in modern hospital 
design. It should prove to be an ex- 
cellent introduction for the architect 
who is not yet initiated into the com- 
plex and often mystifying activities 
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that compose the present-day hospi- 
tal. Applicable world literature is re- 
ferred to frequently and its detailed 
referencing makes this text a massive 
personal undertaking for its auther, a 
Stockholm architect and writer wLose 
stature is well recognized among .10s- 
pital planners. 

An anesthesiologist interestec in 
hospita! planning and construcion 
will probably find this book diffcult 
reading. The anesthesiologist could 


‘regard much of the book as pompous, 


philosophical, clumsily generalzed, 
and even superficial, but occasional 
bits hidden throughout bear upoa is- 
sues about which he as a plaaner 
must be knowledgeable even thcugh 
the conclusions offered might nct be 
agreeable to him. The bibliograpay is 
rewarding reading, and major pars of 
the book, such as the discussiors of 
air-handling, infection, and lighcing, 
are highly informative. 

Mr. Pütsep makes interesting; and 
valid points about poor informa. ion- 
sharing among architects world vide 
regarding hospital planning and zon- 
struction. He also describes computer 
programs that generate trivia dis- 
guised as guidelines. In each instance 
he offers positive conclusions which 
will assist the reader. At certain p aces 
in the text, he might be unwittngly 
reporting an opinion of a refemence 
source in such a way as to inadvert- 
ently set an international standard; 
e.g., the statement on page 341 that 
every patient undergoing a general 
anesthetic should have an EKC ap- 
plied as a monitor cerzainly vould 
provoke enthusiastic counter-apin- 
ions from many sources and is hard 
to rationalize as a necessary item in 
an architectural text. The comment on 
page 539 that anesthesia be t-rmi- 
nated postoperatively in an indvction 
space adjacent to the operating “oom 
is thought provoking, as is the sug- 
gestion that recovery rooms have in- 
dividual cubicles to reduce p.tient 
anxiety. Items of contention include 
the statement (p 600) that onl~ ob- 
stetrical suites with mcre than 3000 
deliveries per year merit anesthesia 
work rooms and the comment (f 634) 
that obtaining a preanesthetic rhysi- 
cal examination and laboratory tests 
the day before, rather than 2 aours 
preoperatively, is "unnecessary ° 

Despite the fact that Mr. Pirsep’s 
new text Modern Hospitals is not 
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geared specifically to the anesthesiol- 
ogist, it will doubtless prove to be a 
major addition to architectural litera- 
ture and deserves praise. Its presence 
in the library should be known to 
anesthesiologists involved in hospital 
planning and construction and it 
should be used as an authoritative 
and helptul reference. 
John T. Martin, MD 
Professor of Anesthesiology 
Medical College of Ohio 
Toledo, OH 


Nutritional Aspects of 
Care in the Critically lll, 
edited by J. R. Richards 


and J. M. Kinney, New 
York, Churchill  Living- 
stone, 1977, 668 pp, 
$29.50. 


This is a timely book, timely be- 
cause the potential for saving lives 
and shortening postoperative conva- 
lescence through nutritional measures 
has been widely recognized only in 
the last decade. This volume provides 
both basic physiologic information 
and observations :n particular clinical 
situations which will enable the in- 
corporation of nutritional principles 
into the care of the surgical patient. 
Assessment of the risk of surgery and 
anesthesia, choice of optimum time, 
and preparation for surgery and care 
of the patient during the postopera- 
tive period will be facilitated by fa- 
miliarity with information in this text. 

Papers presented at a conference 
organized by the University Depart- 
ment Clasgow Royal Infirmary in 
honor of John E. Kinney, Professor of 
Surgery at the College of Physicians 
and Surgeons of Columbia Univer- 
sity, New York, make up the 29 chap- 
ters. The first two chapters by S. M. 
Levenson and associates from the Al- 
bert Einstein College of Medicine and 
by Dr Kinney are comprehensive and 
authoritative accounts of the meta- 
bolic erfects of starvation and of 
stress. Tribute is paid to the pioneer- 
ing efforts of Sir David Cuthberton of 
the Royal Infirmary in Glasgow; his 
studies more than 40 years ago of 
fracture patients have been used to 
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establish many of the principles that 
are verified and expanded in this vol- 
ume. 

Some quotes give the flavor of the 
contents of this volume. “The greater 
the energy stores of the body before 
injury, the better the prognosis for 
survival.” “The late return of a nor- 
mal work capacity in convalescence is 
related to the extent of breakdown of 
muscle protoplasm during the period 
of maximum catabolism in the flow 
- phase after injury.” “It is perhaps best 
after the initial shock phase to leave 
the room heating controls in the 
hands of the patient?" ^... cells and 
tissues in the ill are in an inflationary 
situation with increased and perhaps 
rising energy costs of maintaining 
metabolic and ionic balance, with di- 
minishing energy reserves within cells 
and 2 falling store of potential energy 
in membrane ion-gradients. Provision 
of substrate must be a priority." 
"Many of the nonspecific re- 
sponses—characteristic of most infec- 
tious diseases—are associated with 
the mobilization of body protein for 
the synthesis of those proteins nec- 
essary for the host's defense against 
the infectious organism and for the 
production of glucose to be oxidized 
as a source of energy." 

Other chapters consider metabolic 
responses to infection, protein turn- 
over in injury, rationale for glucose as 
a primary calorie source, respiratory 
function in the critically ill, nutritional 
support in liver failure, nutrition and 
cancer, use of intravenous hyperali- 
mentation in malignancy and in sep- 
sis, and nutrition in burns. 

This volume is heartily recom- 
mended to the practicing anesthesiol- 
ogist as a basic text for study and as 
a reference source. 


C. F. Gastineau, MD 
Professor of Medicine 
Mayo Medical School 
Rochester, MN 


Coronary Heart Surgery, 
edited by H. Roskamm and 
M. Schmuziger, Secaucus, 
NJ, Springer Verlag, 1979, 
394 pp, $42.90. 


Papers presented at the European 
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Society of Cardiology, March 1978, 
are collected in this book. There is no 
effort to editorialize, edit, or explain. 
According to the editors, the papers 
were selected to stimulate controversy 
and to present wide viewpoints. As 
such, the book presents a cafeteria of 
approaches, opinions, and prejudices 
which make interesting reading for 
those curious about how others look 
at this topic, but the book provides 
little in-depth analysis. 

Many of the papers read like basic 
made-simple presentations of tech- 
niques. Their authors rarely distin- 
guish broadly accepted from locally 
adapted approaches, heightening the 
impression of confusion in the field. 
Some papers are presented in the 
guise of scientific studies with mini- 
mal control and methods slanted to 
confirm a preconceived conclusion or 
to prove a point already well estab- 
lished. 

As at any such meeting, there are 
some presentations that clearly stand 
out from the rest, in interest and qual- 
ity. Lister's article on tachyarrhyth- 
mias as an indication for cardiac sur- 
gery (p 141) presents a good electro- 
physiologic analysis of arrhythmias 
which will broaden the understanding 
of anesthesiologists who have some 
understanding of these principles. 
Kirk’s diagrams and discussion on 
subendocardial versus epicardial in- 
farction, and regional and collateral 
perfusion (p 196) will increase the 
depth of understanding of coronary 
perfusion. Bregman's description of a 
new pulsatile pump, which combines 
a conventional cardiopulmonary by- 
pass apparatus with a modified bal- 
loon pump (p 211) may prove to be 
a workable answer to a long-standing 
problem. Clark's data on myocardial 
preservation using the calcium antag- 
onist Nifedipine (p 249) exemplifies 
results obtained in using a new drug 
class that may achieve widespread ap- 
plication in this country in the near 
future. 

For the practicing anesthesiologist 
the greatest merit of this book is its 
introduction and discussion of new 
pre-op, post-op, and intra-op medical 
and surgical approaches that may dif- 
fer from more familiar personal or 
institutional approaches. The various 
American and European phvsicians 
appear to be unsure of each others' 
sophistication and awareness of their 


own techniques and so proceed bv 
presenting basic rationale and discus- 
sion. Future meetings are bound to 
progress rapidly toward more esoteric 
and narrow discussions, but the 
uniqueness of this meeting saves what 
might have been a highly technical 
but loosely connected series of pa- 
pers, by presenting an intelligible and 
basic overview of a growing and chal- 
lenging area. 
Lawrence M. Abrams, MD 
Anesthesia Department 
Texas Medical Center 
Baylor College of Medicine 
Houston, TX 


Outpatient Surgery, ed- 
ited by R. C. Schultz, Phil- 
adelphia, Lea & Febiger, 
1979, 470 pp, $48.50. 


Richard C. Schultz, MD states that 
the purpose of this book is to describe 
how outpatient surgical facilities can 
function safely, how they can suc- 
ceed, and how anesthesia and surgery 
can be performed in these units. This 
text accomplishes this stated purpose 
by drawing from the experiences of 
many anesthesiologists and surgeons 
who have been involved in outpatient 
surgery for several years. It is of note 
that a significant contribution was 
made by the anesthesiologists respon- 
sible for starting one of the first and 
most successful free-standing surgical 
centers, the Phoenix Surgicenter. 

The book is divided into three sec- 
tions with the first section devoted to 
organization of an outpatient surgical 
center. This section on organization 
discusses such things as scheduling, 
the significant cost-saving features of 
outpatient surgery, administration, 
personnel, as well as anesthetic tech- 
niques and recovery and discharge. 
Four of the six chapters in this section 
are authored by members of the 
Phoenix Surgicenter group. Conse- 
quently, the major portion of material 
presented is devoted to outpatient fa- 
cilities that are independent of hos- 
pitals. Little mention is made of hos- 
pital outpatient facilities that share 
inpatient operating and recovery 
rooms other than to note the numer- 
ous disadvantages of such facilities. 
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The chapter devoted to anesthetic 
management describes those tech- 
niques preferred by anesthesiologists 
of the Phoenix Surgicenter. They note 
that children most often receive in- 
halational anesthesia with halothane 
and that approximately 45% undergo 
endotracheal intubation, thus dispel- 
ling the once-believed myth that en- 
dotracheal intubation is a contraindi- 
cation to outpatient anesthesia. One 
brief section in the chapter on anes- 
thetic management is devoted to an- 
esthesia for oral surgery. This section, 
the only weak section in the book 
describes anesthetic techniques that 
most anesthesiologists would find un- 
acceptable. The author is apparently 
an oral surgeon (his name is not in- 
cluded in the list of contributors), and 
he discusses the office use of anes- 
thetic agents including not only bar- 
biturates and narcotics, but also the 
potent inhalational agents such as hal- 
othane and enflurane. The author re- 
fers to the mortality rate of 1 per 
432,000 dental anesthetics, a figure 
obtained from a survey of the South- 
ern California Society of Oral Sur- 
geons. He favorably compares this to 
a rate of 1 per 10,000 for inpatient 
tonsillectomy and adenoidectomy, 
apparently assuming that both pro- 
cedures are similar in difficulty, risk, 
and postoperative problems. The au- 
thor also discusses the administration 
of the anesthetic which requires three 
"team" members: the surgeon, the 
first assistant, and the head holder. It 
is not apparent from the discussion 
which member administers the anes- 
thetic, although he states that the oral 
surgeon is responsible for the selec- 
tion of the agent, and the head holder 
is responsible for the airway. 

The second section of this book is 
devoted to discussion of specific out- 
patient surgical procedures with a 
chapter devoted to each surgical sub- 
specialty. In describing the surgical 
procedures done in the outpatient set- 
ting, this section reassures reluctant 


surgeons that many surgical proce- ` 


dures once done only as inpatient 
procedures are now commonly done 
on an outpatient basis. [n addition to 
a discussion of cases, the surgeon au- 
thors of some chapters discuss local 
and regional anesthetic techniques. 
References are made to the use of 296 
lidocaine solutions for local nerve 
blocks, blocks in which a 196 lidocaine 
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solution will suffice with less risE of 
nerve damage. In addition, "Eoer 
Block" is described. It is presumed 
that the author is referring to the 3ier 
block. 

The final section of this book in- 
cludes a chapter on legal aspects and 
a chapter on the financial consid=ra- 
tions for outpatient surgery. The 
chapter on financial consideratiors is 
noteworthy; it is again written by the 
Phoenix Surgicenter group an it 
gives a great deal of insight into the 
needs and financial problems en- 
countered in starting a free-stan-ling 
surgical center. 

In conclusion, with the excer-ion 
of the section on anesthesia for Dut- 
patient oral surgery, this book is well 
written and a timely cor:tribution to 
a rapidly growing field. The bock is 
an excellent reference source for 
those engaged in outpatient anesthe- 
sia and surgery. 


Stephen M. Brzica, Jr., MD 
Assistant Professor 

of Anesthesia 
University of Minneso.a 
Director of Anesthesia. 
St. Paul Surgical Center 
St. Paul, MN 


Acute Care, edited by B. 
M. Tavares and R. Frey, 
oecaucus, NJ, Sprincer- 
Verlag, 1979, 345 pp, 
$42.90. 


Acute Care contains the Proceed- 
ings of the International Symposium 
on Acute Care held in Rio de Jaaeiro 
in 1977. To edit and, in turn, review 
a book of this type is no simple task, 
mainly due to lack o: unifommity 
which is inherent in such a bool. 

The soft cover volume has peen 
divided into 10 sections: (1) Me abo- 
lism in Critical Care Medicine; (2) 
Monitoring of the Critically Il Pa- 
tient; (3) Organization of Intensive 
Care; (4) Hematology and Coazula- 
tion; (5) Respiration; (6) Gastroenter- 
ology; (7) Cardiology; (3) Shocz; (9) 
Infection, and (10) Sice Effecs of 
Drugs. 

With this diversity of material, the 
editors perhaps could have been -nore 
rigid in the format and style cf the 
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different chapters. While some chap- 
ters represent “finalized papers" (i.e., 
2.3); others are abstracts (i.e., 5.4); and 
others are unreadable summaries of 
preliminary research (e.g., 2.8). Also, 
the format of the chapters is not 
standardized, and in some articles the 
graphics and diagrams have legends 
in German with no English transla- 
tions (i.e., 3.2). 

The medical content of this book 
is as heterogenous as its editorial 
style. Under the name of acute med- 
icine, it indicates emergency medi- 
cine, intensive care, as well as other 
subjects, such as "stabilization of the 
spine in vertebral tumors," and “trau- 
mas by means of spondylodesis with 
Harrington Rods and Bone Cement" 
which are hardly within the scope of 
acute medicine. 

This book contains some interest- 
ing articles such as, "Cerebral Prog- 
nosis Determined During Cardiopul- 
monary Resuscitation," while others, 
most likely due to the abstract form, 
leave the reader without the whole 
message of the study. 

Not being a comprehensive text in 
acute care, this volume may not sat- 
isfy the reader who wants a complete, 
current overview of the subject. How- 
ever, it can be a useful experience for 
the "intensivists" who will find inter- 
esting and stimulating papers some- 
where in the 60 chapters included. 


Teruel de Campo, MD 

Assistant Professor of 
Anesthesiology and Surgery 

Director, Surgical Intensive 
Care Unit 

University of Colorado 
Medical Center 

Denver, CO 


BOOK NOTE 
n————— 


1979 Year Book of Anes- 
thesia, edited by J. E. Eck- 
enhoff, A. J. Bart, E. A. 
Brunner, H. S. Holley, and 
H. W. Linde, Chicago, Year 
Book Medical Publishers, 
1979, 351 pp, $23.75. 


The 1979 Year Book of Anesthe- 
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siology brings together pertinent ab- 
stracts published in the anesthesia 
and nonanesthesia literature up to 
November 1978. The format is similar 
to that used in past years with 23 
categories ranging =rom basic phar- 
macology and phys:ology to subspe- 
cialty areas, intensive care, and pain 
treatment. The editors comments, 
which follow many of the abstracts, 
reemphasize certain points and also 
raise interesting questions. Included 
is the current literature quiz with 62 
questions cross-referenced to the ab- 
stracts. 

The quality of this book depends 
almost entirely on the quality of the 
articles that are incladed. Thousands 
of articles were screened and this year 
241 articles were personally selected 
by the editors. The Year Book is an 
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BOOK REVIEWS 


excellent review of the medical liter- 
ature which is pertinent to anesthesia. 
Glenn A. Fromme, MD 
Instructor 
Mayo Medical School 
Rochester, MN 


BOOKS RECEIVED 
ET 


Renal Function in Anaesthesia and Sur- 
gery, by D. R. Bevan, London, Academic 
Press, 1979, 239 pp, $35.00. 


Pain—Association for Research in Nerv- 
ous and Mental Disease, Volume 58, ed- 


ited by J. J. Bonica. New York, Raven 
Press, 1979, 420 pp, $35.00. 


International Anesthesiology Clinics, 
Volume 17, edited by B. A. Britt. Boston, 
Little, Brown and Co, 182 pp, $35.00. 


Anaesthesia for Children, by T.C.K. 
Brown and G. C. Fisk, Oxford, Blackwell 
Scientific Publications, 1979, 439 pp, 
$77.50. 


Anesthesia and Neurosurgery, by J. E. 
Cottrell and H. Turndorf, St. Louis, C. V. 
Mosby Co, 1979, 433 pp, $47.50. 


Blood Gases and Acid-Base Physiology, 
by N. L. Jones. New York, Brian C. Decker, 
1980, 175 pp. 


Anesthesia for Obstetrics, by 5. M. Shni- 
der and G. Levinson. Baltimore, Williams 
& Wilkins, 1979, 456 pp, $35.00. 
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- Manuscripts should be sent to: 


Nicholas M. Greene, M.D. 

Editor in Chief 

Anesthesia and Analgesia 

Yale University School of Medicine 
333 Cedar Street 

New Haven, Connecticut 06510 


Editorial Policies 


Manuscripts are accepted for consideration with the understand- 
ing that the material they present, including tables, figures, and 
data therein, has not been previously published and is not presently 
under consideration for publication elsewhere. Authors will be 
asked to transfer copyright of articles accepted for publication to 
the International Anesthesia Research Society. 

Types of materials. The Journal publishes original articles, clin- 
ical reports, review articles, and letters to the editor. Original 
articles describe in 3000 words or less clinical or laboratory inves- 
tigations. Clinical reports describe in 1000 words or less either (a) 
new and instructive case reports, or (b) anesthetic techniques or 
equipment of demonstrable originality, usefulness, and safety. 
Review articles of 2500 to 4000 words collate, describe, and evaluate 
previously published material for the establishment of new con- 
cepts. Letters to the editor, less than 300 words in length, include 
brief constructive comments concerning previously published ar- 
ticles or brief notations of general interest. Preliminary or incom- 
plete reports are not accepted, nor are manuscripts containing 
fragments of material better incorporated into a single paper. 

Peer review. Al] papers are reviewed by three or more referees. 
Acceptance is based upon significance, originality, and validity of 
the material presented. Every effort will be made to advise authors 
within 4 weeks whether papers are accepted, rejected, or need 
revision prior to further consideration for possible publication. 

Legal and ethical considerations. Information or illustrations 
must not permit identification of patients. Reports describing data 
obtained from experiments performed in humans must contain a 
statement in the Methods that institutional approval of the inves- 
tigation and informed consent were obtained. Reports describing 
data obtained from experiments performed in animals must clearly 
indicate that humane standards equal to those described by the 
American Physiological Society were employed. _ 

Illustrations and other materials taken from other sources must 
be properly credited and assurance provided that permission for 
reproduction has been obtained from the copyright owner and 
author. 

Editing. All papers will be edited for clarity, style, factual accu- 
racy, internal logic, and grammar. Papers extensively copy edited 
will be returned to the author(s) for retyping. Editing will include 
the addition, following the Abstract, of key words for indexing 
purposes. 


Manuscripts 


Manuscripts must be prepared and submitted in the manner 
described in "Uniform Requirements for Manuscripts Submitted 
to Biomedical Journals" as described in Annals of Internal Medicine 
1979; 90: 95-9, and Lancet 1979; 1: 428-30. 

Type manuscripts on white bond paper, 20.3 by 26.7 cm or 21.6 
by 27.9 cm (8 by 101 in or 84 by 11 in) or ISO A4 (212 by 297 mm) 
with margins of at least 2.5 cm (1 in). Use double spacing through- 
out, including title page, abstract, text, acknowledgments, refer- 
ences, tables, and legends for illustrations. 

Begin each of the following sections on separate pages: title page, 
abstract and key words, text, acknowledgments, references, tables 


(each table, «omplete with title and footnotes, on a separate page), 
and legends..Number pages consecutively, beginning with the title 
page. Type tae page number in the upper right-hand corner of each 
page. 

[llustratiors must be good quality, unmounted glossy prints, 
usually 12.7 əy 17.3 cm (5 by 7 in), but no larger than 20.3 by 25.4 
cm 18 by 10 =). 

Submit th ee copies of manuscript and figures in heavy-paper 
envelope. Suomitted manuscript should be accompanied by cov- 
ering letter, and permissions to reproduce previously published 
materials or o use illustrations that may identify subjects. 

Authors skould keep copies of everything submitted. 

Title Page. The title page should contain [1] the title of the 
article, whick should be concise but informative; [2] a short running 
head or footine of no more than 40 characters (count letters and 
spaces) placed at the foot of the title page and identified; [3] first 
name, middE& initial, and last name of each author, with highest 
academic de-rree(s); [4] name of department(s) and institution(s) to 
which the work should be attributed; [5] disclaimers, if any; [6] 
name and acciress of author responsible for correspondence about 
the manuscrpt; [7] name and address of author to whom requests 
for reprints c1ould be addressed, or statement that reprints will not 
be available from the author; [8] the source(s) of support in the 
form of grarzs, equipment, drugs, or all of these. 

Abstract end Key Words. The second page should carry an 
abs:ract of rot more than 150 words. The abstract should state the 
purposes of the study or investigation, basic procedures (study 
subjects or -xperimental animals and observational and analytic 
methods), main findings (give specific data and their statistical 
significance,if possible), and the principal conclusions. Emphasize 
new and im] ortant aspects of the study or observations. Define all 
abtreviatiors except those approved by the International System 
of Units. 

Key (indexing) terms. Below the abstract, provide and identify as 
such, three t> 10 key words or short phrases that will assist indexers 
in cross-ind -xing your article and that may be published with the 
abstract. 

Text. The text of observational and experimental articles is 
usvally—bu not necessarily— divided into sections with the head- 
ings Introdi—tion, Methods, Results, anc Discussion. Long articles 
may need svcoheadings within some sections to clarify their content, 
especially tle Results and Discussion sections. Case reports and 
reviews do rot require the above sections. 

introduct-on. Clearly state the purpose of the article. Summarize 
the rational: for the study or observation. Give only strictly perti- 
nent refererzes, and do not review the subject extensively. 

Methods. Describe your selection of the observational or exper- 
imental subeects (patients or experimental animals, including con- 
trols) clearly. Identify the methods, apparatus (manufacturer's 
name and -ddress in parentheses), and procedures in sufficient 
detail to all4w other workers to reproduce the results. Give refer- 
ences to estzblished methods, including statistical methods; provide 
references znd brief descriptions of methods that have been pub- 
lished but are not well known; describe new or substantially 
modified methods, give reasons for using them, and evaluate their 
limitations. 

'Nhen reporting experiments on human subjects, indicate 
wrether the procedures followed were in accord with the ethical 
standards cf the Committee on Human Experimentation of the 
institution £& which the experiments were done or in accord with 
the Helsink Declaration of 1975. When reporting experiments on 
an.mal sub zcts, indicate whether the institution's or the National 
Research C-uncil's guide for the care and use of laboratory animals 
was followed. Identify precisely all drugs and chemicals used, 
including g: neric name(s), dosage(s), and route(s) of administration. 
Do not use patients' names, initials, or hospital numbers. 
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Include numbers of observations and the statistical significance 
of the findings when appropriate. Detailed statistical’ analyses, 
mathemacical derivaticns, and the like may sometimes be suitably 
presented in the form of one or more appendixes. 

Results. Present your results in logical sequence in the text, 
tables, and illustrations. Do not repeat in the text all the data in the 
tables and/or illustrations: emphasize or summarize only important 
observations. 

Discussion. Emphasize the new and important aspects of the 
study and conclusions that follow from them. Do not repeat in 
detail data given in the Results section. Include in the Discussion 
the implications of the findings and their limitations and relate the 
observations to other relevant studies. Link the conclusions with 
the goals of the study but avoid unqualified statements and conclu- 
sions not completely supported by your data. Avoid claiming 
priority and alluding to work that has not been completed. State 
new hypotheses when warranted, but clearly label them as such. 
Recommendations, when appropriate, may be included. 

References. (The following style will appear in the journal 
effective volume 60, January 1981.) Number references consecu- 
tively in the order in which they are first mentioned in the text. 
Identify references in text, tables, and legends by arabic numerals 
(in parentheses). References cited only in tables or in legends to 
figures should be numbered in accordance with a sequence estab- 
lished by the first identification in the text of the particular table or 
illustration. 

Use the form of references adopted by the U.S. National Library 
of Medicine and used in Index Medicus. Use the style of the 
examples cited at the end of this section, which have been approved 
by the National Library of Medicine. 

The titles of journals should be abbreviated according to the 
style used in Index Medicus. Consult the "List of Journals Indexed,” 
printed annually in the January issue of Index Medicus. 

Avoid abstracts as references; “unpublished observations” and 
“personal communications” may not be used as references, al- 
though references to written, not verbal, communications may be 
inserted (in parentheses) in the text. Include among the references 
manuscripts accepted but not yet published; designate the journal 
followed by “in press” (in parentheses). Information from manu- 
scripts submitted but not yet accepted should be cited in the text 
as “unpublished observations” (in parentheses). 

Refererices must be verified by the author(s) against the original 
documents. 

Examples of correct forms: 


Journal 


1. Standard Journal Article (List all authors when six or less; when seven or 
more, list only first three and add et al) 


Soter NA, Wasserman SI, Austen KF. Cold urticaria: release into the 
circulation of histamine and eosinophil chemotactic factor of anaphy- 
laxis during cold cha.lenge. N Engl ] Med 1976;294:687-90. 

2. Corporate Author 


The Committee on Enzymes of the Scandinavian Society for Clinical 
Chemistry and Clin.cal Physiology. Recommended method for the 
determination of gamma-glutamyltransferase in blood. Scand ] Clin Lab 
Invest 1976;36:119-25. 


Anonymous. Epidemiology for primary health care. Int J Epidemiol 
1976;5:224-5. 


Books and Other Monographs 


3. Personal Author(s) 
Osler AG. Complement: mechanisms and functions. Englewood Cliffs: 
Prentice-Hall, 1976. 


4. Corporate Author 


American Medical Association Department of Drugs. AMA drug eval- 
uations. 3rd ed. Littleton: Publishing Sciences Group, 1977. 


5. Editor, Compiler, Chairman as Author 


Rhodes AJ, Van Rooyen CE, comps. Textbook of virology: for students 
and practitioners of medicine and the other health sciences. 5th ed. 
Baltimore: Williams & Wilkins, 1968. 


6. Chapter in Book 
Weinstein L, Swartz MN. Pathogenic properties of invading microor- 


ganisms. In: Sodeman WA Jr, Sodeman WA, eds. boss physiol- 
ogy: mechanisms of disease. Philadelphia: WB Saunders, 1974:457-72. 


7. Agency Publication 
National Center for Health Statistics. Acute conditions: incidence and ~ 
associated disability, United States July 1968-June 1969. Rockville, Md.: 
National Center for Health Statistics, 1972. (Vital and health statistics. 
Series 10; Data from the National Health Survey, t no. 69) (DHEW - 
publication no. (H5M)72-1036). 


Tables. Type each table on a separate sheet; remember to double ` 
space. Do not submit tables as photographs. Number tables con- 
secutively and supply a brief title for each. Give each column 2 
short or abbreviated heading. Place explanatory matter in footnotes, 
not in the heading. Explain in footnotes all nonstandard abbrevia- 
tions that are used in each table. For footnotes, use the following 
symbols in this sequence: *, t, i, 8, |, f, # **, tt... . Identify 
statistical measures of variation such as SD and SEM. 

Omit internal horizontal and vertical rules. 

Cite each table in the text in consecutive order. 

If you use data from another published or unpublished source, 
obtain permission and acknowledge fully. 

The editor on accepting a manuscript may recommend that - 
additional tables containing important backup data too extensive 
to be published may be deposited with the National Auxiliary 
Publications Service or made available by the author(s). In that 
event, an appropriate statement will be added to the text. Submit 
such table for consideration with the manuscript. 

Illustrations. Submit three complete sets of figures. Figures 
should be professionally drawn and photographed; freehand or 
typewritten lettering is unacceptable. Instead of original drawings, 
roentgenograms, and other material, send sharp, glossy black-and- 
white photographic prints, usually 12.7 by 17.3 cm (5 by 7 in) but 
no larger than 20.3 by 25.4 cm (8 by 10 in). Letters, numbers, and 
symbols should be clear and even throughout, and of sufficient size 
that when reduced for publication each item will stil] be legible. 
Titles and detailed explanations belong in the legends for illustra-. 
tions, not on the illustrations themselves. 

Each figure should have a label pasted on its back indicating the 
number of the figure, the names of the authors, and the top of the 
figure. Do not write on the back of the figures or mount them on 
cardboard, or scratch or mar them using paper clips. Do not bend 
figures. 

Photomicrographs must have internal scale markers. Symbols, 
arrows, or letters used in the photomicrographs should contrast 
with background. 

If photographs of persons are used, either the subjects must not 
be identifiable or their pictures must be accompanied by written 
permission to use the photograph. 

Cite each figure in the text in consecutive order. If a figure has 
been published, acknowledge the original source and submit writ- 
ten permission from the copyright holder to reproduce the material. 
Permission is required, regardless of authorship or publisher, ex- 
cept for documents in the public domain. 

For illustrations in color, supply color negatives or positive 
transparencies and, when necessary, accompanying drawings 
marked to indicate the region te be reproduced; in addition, send 
two positive color prints to assist editors in making recommenda- 
tions. Some journals publish illustrations in color only if the author 
pays for the extra cost. 

Legends for Illustrations. Type legends for illustrations double 
spaced, starting on a separate page with arabic numerals corre- 
sponding to the illustrations. When symbols, arrows, numbers, or 
letters are used to identify parts of the illustrations, identify and 
explain each one clearly in the legend. Explain internal scale and 
identify method of staining in photomicrographs. 

Abbreviations. Define all abbreviations except those approved 
by the International System of Units for amount of substance, 
mass, length, time, temperature, electric current, and luminous 
intensity. Do not synthesize new or unusual abbreviations. When 
many abbreviations are used, include all in a box of definitions at 
the start of the article. 
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Introducing a new company 
with 50 years of experience 


Janssen Pharmaceutica, a new pharmaceutical company, draws 
on almost 50 years of experience in drug development and 
manufacturing. Part of the Johnson & Johnson family, Janssen is 
located in New Brunswick, New Jersey. Its parent company, 
headquartered in Beerse, Belgium, has long been recognized as 
one of the world’s most innovative pharmaceutical firms. 

The Janssen Research Centre, the key to Janssen’s 
success, was established in 1953 by Dr. Paul Janssen. In just over 
25 years, the Janssen Research Centre has made available to the 
medical profession over 40 original drugs. Most are available 
worldwide; many are now in wide use by physicians in the 
United States. 


Research at Janssen: a record of achievement, 
a promise of breakthroughs to come 


Janssen research has already produced a number of valuable 
drugs in areas important to modern medical practice. Included 
are compounds used in the treatment of mental disorders, 
infectious and cardiovascular diseases, immunologic dysfunctions, 
gastrointestinal and parasitological problems as well as several 
agents used in anesthesiology. 

Janssen has opened new frontiers in the clinical 
application of a novel class of therapeutic agents: synthetic 
immunosupportive agents. Compounds exhibiting this type of 
activity have already proved valuable in treating a variety of 
disorders where a specific immunologic defect is involved and 
have helped add substantially to knowledge of the mechanism of 
the disease process. 

Through the use of advanced techniques such as X-ray 
crystallography, nuclear magnetic resonance, the application of 
quantum mechanical principles and large digital computers, 
Janssen research is learning more each day about drug/receptor 
mapping and rational drug design. This knowledge has been—and 
will be—used to design new and better compounds: drugs which 
are more potent and more specific, drugs with greater therapeutic 
ratios, drugs which are simpler for the physician to use and easier 
for the patient to take. 

Some products of Janssen’s research efforts, already 
available in certain geographical areas, include: an analgesic 
molecule with a therapeutic ratio (lethal dose: effective dose) of 
15,000:1, as compared to 250:1 for morphine, and a neuroleptic 
effective for a week or more after just one oral administration. 
Other areas where investigations have yielded promising 
compounds include cardiovascular, gastrointestinal and allergic 
diseases. 








To better serve the medical 
and allied professions 


Janssen Pharmaceutica was founded in the United States to 
facilitate the introductior of original developments of Janssen 
research to the medical profession. Until now, Janssen products 
were available here only through other pharmaceutical 
companies. Some of these firms will continue to provide you with 
drugs they are now supplzing, but we will make all new products 
available to you. Thus, there will be more direct communication 
between Janssen, the source, and you, the eventual user of 
Janssen products. 

Contact with the health profession will be in the hands 
of a highly skilled corps o° Janssen Pharmaceutica 
representatives who will »e calling on teaching centers and 
hospitals as well as physicians’ offices. Janssen representatives 
undergo thorough training, instruction which emphasizes not only 
produet knowle dge, but a1 understanding of the clinical 
situations where Janssen drugs are used. Representatives’ skills 
are updated through educational programs which keep them 
apprised of the latest medical information as it pertains to the 
use of Janssen products. Thus, our representatives will be 
especially well equipped to provide you with the information 
you require. 

Moreover, since -heir background and training will 
enable them to discuss ycur needs with you, our research and 
development can be guided by a knowledge of the direction of 
your practice. Another gzin: our location in the United States will 
enable us to expedite the introduction of new products through 
the use of clinical researc and development facilities available to 
us here. 


The Janssen commitment 


Every company has a guiding principle which forms the basis of 
its activities and directs is major efforts. With Janssen, this 
principle is a commitment to research. The nature and depth of 
our dedication have best »een expressed by Dr. Paul Janssen, 
President and Director o^ Research of the parent company. 
“There are still nany severe 
proble ms for which there `s no cure at 
all and for which effective drugs have 
to be found quickly in the interest of 
all who are suffering. Thes is the way | 
we see our duty here and se would like Y 
to think that we have contributed to the 
solution of some of these problems. 
And we will continue...because so 
much more remains to be done." 










Janssen Pharmaceutica, 2340 Beerse, Belgium 


Janssen Pharmaceutica today... 
and tomorrow 


At this time, Janssen Pharmaceutica is making five proven drugs 
available to the medical profession. Produced in facilities which 
make use of the most modern and sophisticated manufacturing 
and packaging equipment, these are: 


SUBLIMAZE® (fentanyl) injection € 

INAPSINE® (droperidol) injection 

INNOVAR® (droperidol/fentanyl) injection € 
MONISTAT i.v. " (miconazole for intravenous infusion) 
VERMOX® (mebendazole) Tablets 


While other Johnson and Johnson firms have previously made 
these products available in the United States, they will now be 
supplied exclusively by Janssen Pharmaceutica. In the sense that 
they represent important therapeutic advances in their specific 
areas of usefulness, they are typical of the Janssen research 
achievement. 

We expect to introduce one important new therapeutic 
agent to the medical profession sometime in the course of 1980, 
and more will follow as current projects come to fruition. With 
the present drugs and with those that we hope to make available 
in time, we confidently expect that Janssen Pharmaceutica will 
make itself felt as an important force in the American 
pharmaceutical industry in the years to come. 


Committed to research... 
because so much remains to be done. 


JANSSEN PHARMACEUTICA INC. 
501 George Street, New Brunswick, N.J. 08903 





c3) 


J P-006 


Printed in U.S 


Now from | 
Janssen Pharmaceutica: 


anesthetic adjuncts 
proven by over 


a decade of worldwide 
experience 


Charting the course of 
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" JUST ISTE B COLIT PECO LHREO 
tranquility and analgesia 
Smooth intubation 
Minimize the need for thiopental 


e Foster a smooth and 
uneventful intraoperative 


course 
Provide an anesthetic baseline 
Promote cardiovascular stability 


@ Maintain a quiet 
and less troublesome 
postope-ative period 
Reduce the incidence of nausea and vomiting 
Minimize tle need for postoperative analges! 
Provide trarquilization and tolerance 
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Innovar" (droperidol/fentanyl) injection (: 
proven by a decade of worldwide experience 





Adequate analgesia with 


Ng ublimaze INJECTION® 


fentanyl) 


an help suppress 
surgical stress 





2.0 mI INNOVAR® 3.0 ml SUBLIMAZE” 1.0 ml SUBLIMAZE" 
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Administered following induction, 3-5 ml 

of SUBLIMAZE® (fentanyl) injection ¢ will: 

m provide profound analgesia 

8 minimize catecholamine release 

E lay a foundation for a smooth 
intraoperative course 


Used as needed during surgery, 
SUBLIMAZE® offers controllable analgesia: 
= rapid onset 
m short duration of action* 
m rapid reversibility by 
narcotic antagonists* 
8 analgesic action carries over into 
postoperative period* 


*The respiratory depressant effect of Sublimaze* (fentanyl) injection @ 
may last longer than the analgesic effect. 


Pleas see Prescribing Information on following pages 


1.0 ml SUBLIMAZE® 
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Innovar’ ijecdon Cr 


FOR INTRAVENOUS OR INTRAMUSCULAR USE ONLY 


The two components of INNOVAR injection, fentanyl and droperidol, have different pharmacologic 
actions. Before administering INNOVAR injection. the user should familiarize himself with the 


special properties of each drug. particularly the widely differing durations of action, 





DESCRIPTION: Each mi. contains (in 2 1:50 ratio): 
Fentanyl............... TIR RESI ETE TRN: 0.05 mg. 
as the citrate 

Warning: May be habit forming 
Dropetidol- coe eco GaSe rte el ks uo Etc e Lo LL DL EA e a deae Sct o 2,5 mg. 
Lactic acid for adjustment of pH to 3.5 + 0.3 
ACTIONS: INNOVAR injection is a combination drug containing a narcotic analgesic, fentanyl, and a 
neuroleptic (major tranquilizer}, droperidol. The combined effect, sometimes referred to as neurolep- 
tanalgesia, is characterized by general quiescence. reduced motor activity, and profound analgesia; 
complete loss of consciousness usually does not occur from use of INNOVAR injection alone. The 
incidence of early postoperative pain and emesis may be reduced. 
A. Fentanyl is a narcotic analgesic with actions qualitatively similar to those of morphine and meperi- 
dine. Fentanyl ir a dose of 0.1 mg. (2.0 mil.) is approximately equivalent in analgesic activity to 10 mg. 
of DE or 75 mg. of meperidine. The principal actions of therapeutic value are analgesia and seda- 
tion. Alterations in respiratory rate and alveolar ventilation, associated with narcotic analgesics, may last 
longer than the analgesic effect. As the dose of narcotic is increased, the decrease in pulmonary exchange 
becomes greater Large doses may produce apnea. Fentanyl appears to have less emetic activity than 
other narcotic analgesics. Histamine assays, and skin wheal testing in man, as well as in vivo testing in 
dogs indicate that histamine release rarely occurs with fentany!. 
Fentanyl may cause muscle rigidity, particularly involving the muscles of respiration.1t may also produce 
other signs and symptoms characteristic of narcotic analgesics including euphoria, miosis, bradycardia, 
and bronchoconstriction. 
The onset of action of fentanyl is almost immediate when the drug is given intravenously, however, max- 
imal analgesic and respiratory depressant effect may not be noted for several minutes. The usual duration 
of action of the analgesic effect is 30 to 60 minutes after a single 1. V. dose of up to 0.1 mg. Following 
intramuscular administration. the onset ef action is from seven to eight minutes. and the duration of 
action is from one to two hours. 
As with longer-acting narcotic analgesics, the duration of the respiratory depressant effect of 
SUBLIMAZE (fentanyl) may be longer than the analgesic effect. The following observations have been 
reported concerning altered respiratory response to CO: stimulation following administration of fentanyl 
to man: 
|. DIMINISHED SENSITIVITY TO CO: STIMULATION MAY PERSIST LONGER THAN 
DEPRESSION OF RESPIRATORY RATE. Fentanyl frequently slows the respiratory rate but this effect 
is seldom noted for over 30 minutes regardless of the dose administered. 
2. Duration and degree of respiratory depression is dose related. 
3. The peak respiratory depressant effect of a single intravenous dose of fentany! is noted 5 to 15 minutes 
following injection. 
4. Altered sensitivity to CO: stimulation has been demonstrated for up to four hours following a single 
intravenous dose of 0.6 mg. (12 ml.) fentanyl to healthy volunteers. 
See also WARNINGS and PRECAUTIONS concerning respiratory depression. 
B. Droperidol produces marked tranquilization and sedation. k also produces an antiemetic effect as 
evidenced by the antagonism of apomorphine in dogs. It potentiates other CNS depressants. 1t also 
produces mild alpha-adrenergic blockade. peripheral vascular dilatation and reduction of the pressor 
effect of epinephrine. Droperidol can produce hypotension and decreased peripheral vascular resistance. 
it may decrease pulmonary arterial pressure (particularly if it is abnormally high). It may reduce the 
incidence of epinephrine-induced arrhythmias but it does not prevent other cardiac arrhythmias. The 
onset of action is from three to ten minutes following intravenous or intramuscular administration. The 
full effect, however, may not be apparent for 30 minutes. The duration of the sedative and tranquilizing 
effects generally is two to four hours. Alteration of consciousness may persist as long as 12 hours. This is 
in contrast to the much shorter duration of fentany!. 
INDICATIONS: INNOVAR injection is indicated to produce tranquilization and analgesia for surgical 
and diagnostic procedures. It may be used as an anesthetic premedication, for the induction of anesthesia, 
and as an adjunct in the maintenance of general and regional anesthesia. If the supplementation of 
WI is necessary, SUBLIMAZE® (fentanyl) injection. alone rather than the combination drug 
INNOVAR injection, should usually be used: see Dosage and Administration Section. 
CONTRAINDICATIONS: INNOVAR injection is contraindicated in patients with known intolerance 
to either component. 
WARNINGS: AS WITH OTHER CNS DEPRESSANTS, PATIENTS WHO HAVE RECEIVED 
INNOVAR INJECTION SHOULD HAVE APPROPRIATE SURVEILLANCE. RESUSCITATI VE 
OAM. AND A NARCOTIC ANTAGONIST SHOULD BE READILY AVAILABLE TO MAN. 
AGE APNEA. 
See also discussien of narcotic antagonists in PRECAUTIONS and OVERDOSAGE. 
FLUIDS AND OTHER COUNTERMEASURES TO MANAGE HYPOTENSION SHOULD ALSO BE 
AVAILABLE. 
The respiratory depressant effect of narcetics persists longer than the measured analgesic effect. When 
used with INNOVAR injection, the total dose of all narcotic analgesics administered should be consid- 
ered by the praciitioner before ordering aarcotic analgesics during recovery from anesthesia. It is rec 
ommended that narcotics, when required, be used in reduced doses initially, as low as 'à te !A those 
usually recommended. 
INNOVAR injection may cause muscle rigidity, particularly involving the muscles of respiration. This 
effect is due to the fentanyl component and is related to the speed of injection. Is incidence can be 
reduced by the use of slow intravenous injection. Once the effect occurs, it is managed by the use of 
assisted or controlled respiration and. if necessary, bv a neuromuscular blocking agent compatible with 
the patient's condition. 
Drug Dependence; Fentanyl, the narcoric analgesic component, can produce drug dependence of the 
morphine type and therefore has the potential for being abused. 
Severe and unpredictable potentiation by» MAO inhibitors has been reported with narcotic analgesics. 
Since the safety of fentanyl in this regard has not been established, the use of INNOVAR injection or 
d n E (fentanyl) in patients whe have received MAO inhibitors within 14 days is not recom- 
mended. 
Head Injuries and Increased Intracranial Pressure: INNONVAR injection should be used with caution in 
patients who may be particularly susceptible to respiratory depression such as comatose patients who 
may have a head injury or brain tumor. In addition, INNOVAR injection may obscure the clinical course 
of patients with head injury. 
Usage in Children: The safety of INNOVAR injection in children younger than two years of age has not 
been established. 
Usage in Pregnancy: The safe use of INNOVAR injection has not been established with respect to possi- 
ble adverse effects upon fetal development. Therefore, it should be used in women of childbearing poten- 
tial only when, ia the judgment of the physician, the potential benefits outweigh the possible hazards. 
There are insufficient data regarding placental transfer and fetal effects; therefore, safety for the infant in 
obstetrics has not been established. 
PRECAUTIONS: The initial dose of INNOVAR injection should be appropriately reduced in elderly, 
debilitated and oiher poor-risk patients. The effect of the initial dose should be considered in determining 
incremental doses. 
Certain forms of conduction anesthesia, such as spinal anesthesia and some peridural anesthetics, can 
alter respiration by blocking intercostal nerves, and can cause peripheral vasodilation and hypotension 
because of sympathetic blockade. Through other mechanisms (see Actions), fentanyl and droperidol also 
depress respiration and blood pressure. Therefore, when INNOVAR injection is used to supplement these 
forms of anesthesia, the anesthetist must be familiar with the physiological alterations involved, and be 
prepared to manage them in the patients selected for this form of anesthesia. 
Hf hypotension occurs, the possibility of hypovolemia should be considered and managed with appropri- 
ate parenteral fluid therapy. Repositioning the patient to improve venous return to the heart should be 
considered when operative conditions permit. it should be noted that in spinal and peridural anesthesia, 
tilting the patient into a head down position may result in a higher level of anesthesia than is desirable, as 
well as impair venous return to the heart. Care should be exercised in the moving and positioning of 
patients because of a possibility of orthostatic hypotension. If volume expansion with fluids plus these 
other countermeasures do not correct the hypotension, then the administration of pressor agents other 
than epinephrine should be considered. Epinephrine may paradoxically decrease the hlood pressure in 
patients treated with INNOVAR injection due to the alpha-adrenergic blocking action of droperidol. 


The droperidol component of INNOVAR injection may decrease pulmonary arterial pressure. This fact 
should be considered by those who conduct diagnostic or surgical procedures where interpretation of pul- 
monary arterial pressure measurements might determine final management of the patient. 

Vital signs should be monitored routinely. 

INNOVAR injection. and SUBLIMAZE (fentanyl), should be used with caution in patients with chronic 
obstructive pulmonary disease, patients with decreased respiratory reserve, and others with potentially 
compromised ventilation. In such patients narcotics may additionally decrease respiratory drive and 
increase airway resistance. During anesthesia this can be managed by assisted or controlled respiration. 
Postoperative respiratory depression caused by narcotic analgesics can be reversed by narcotic antego- 
nists. Appropriate surveillance should be maintained because the duration of respiratory depression of 
doses of fentany! (as SUBLIMAZE (fentanyl) or INNOVAR) employed during anesthesia may be longer 
than the duration of the narcotic antagonist action. Consult individual prescribing information (levallor- 
phan. nalorphine and naloxone) before employing narcotic antagonists. 

Should respiration be compromised by muscle rigidity, assisted or controlled respiration and possibiy a 
neuromuscular blocking agent will be required. The occurrence of muscle rigidity is related to the speed 
of intravenous injection and the incidence can be reduced by slow intravenous injection. 

Other CNS depressant drugs (c.g. barbiturates, tranquilizers. narcotics, and general anesthetics) have 
additive or potentiating effects with INNOVAR injection. When patients have received such drugs, the 
dose of INNOVAR injection required will be less than usual. Likewise, following the administration of 
INNOVAR injection, the dose of other CNS depressant drugs should be reduced. 

INNOVAR injection should be administered with caution to patients with liver and kidney dysfunction 
because of the importance of these organs in the metabolism and excretion of drugs. 

The fentanyl component may produce bradycardia, which may be treated with atropine; however, 
INNOVAR injection should be used with caution in patients with cardiac bradyarrhythmias. 

When the EEG is used for postoperative monitoring. it may be found that the EEG pattern returns to nor- 
mal slowly. 

ADVERSE REACTIONS: The most common serious adverse reactions reported to occur with 
INNOVAR injection are respiratory depression, apnea, muscular rigidity. and hypotension; if these 
remain untreated, respiratory arrest, circulatory depression or cardiac arrest could occur. 

Extrapyramidal symptoms (dystonia, akathisia, and oculogyric crisis) have been observed following 
administration of INNOVAR injection. Restlessness, hyperactivity and anxiety which can be either the 
result of inadequate tranquilization or part of the symptom complex of akathisia may occur. When 
extrapyramidal symptoms occur, they can usually be controlled with anti- Parkinson agents. 

Elevated blood pressure, with and without preexisting hypertension, has been reported following admin- 
istration of INNOVAR injection. This might be due to unexplained alterations of sympathetic activity fol- 
lowing large doses. however. it is also frequently attributed to anesthetic or surgical stimulation during 
light anesthesia. 

Other adverse reactions that have been reported are dizziness, chills and/or shivering. twitching, blurred 
vision, laryngospasm. bronchospasm. bradycardia. tachycardia, nausea and emesis, diaphoresis. 
emergence delirium, and postoperative hallucinatory episodes (sometimes associated with transient 
periods of mental depression). 

Postoperative drowsiness is also frequently reported. 

DOSAGE AND ADMINISTRATION: Dosage should be individualized. Some of the factors to be con- 
sidered in determining dose are age. body weight. physical status, underlying pathological condition, use 
of other drugs, the type of anesthesia to be used, and the surgical procedure involved. 

Vital signs should be monitored routinely. 

Most patients who have received INNOVAR injection do not require narcotic analgesics during the 
immediate postoperative period. H is recommended that narcotic analgesics, when required, be used ini- 
tially in reduced doses, as low as 4 to '^ those usually recommended. 

Usual Adult Dosage: 

L Premedication —(to be appropriately modified in the elderly, debilitated. and those who have received 
other depressant drugs) —0.5 to 2.0 ml. may be administered inrramusculariy 45 to 60 minutes prior to 
surgery with or without atropine. 


H. Adjunct to General Anesthesia-Induction--1 ml. per 20 to 25 pounds of body weight, may be 
administered slowly intravenously. Smaller doses may be adequate. 

The total amount of INNOVAR injection administered should be carefully titrated to obtain the desired 
effect based on the individual patient's response. 

There are several methods of administration of INNOVAR injection for induction of anesthesia. 

A. Intravenous injection— To allow for the variable needs of patients INNOVAR injection may be 
administered intravenously in fractional pa.ts of the calculated dose. With the onset of somnolence, the 
general anesthetic may be administered. 

B. intravenous drip--10 ml. of INNOVAR injection are added to 250 ml. of 5% dextrose in water and 
the drip given rapidly until the onset of somnolence. At that time, the drip may be either slowed or 
stopped and the general anesthetic administered. 

Maintenance -—PNNOVAR injection is not indicated as the sole agent for the maintenance of surgical 
anesthesia. H is customarily used in combination with other measures such as nitrous oxide-oxygen, 
other inhalation anesthetics, and/or topical or regional anesthesia. 

To prevent the possibility of excessive accumulation of the relatively long-acting droperidol component. 
SUBLIMAZE (fentanyl) alone should be used in increments of 0.025 to 0.05 mg. (0.5 to 1.0 ml.) for the 
maintenance of analgesia in patients initially given INNOVAR injection as an adjunct to general anesthe- 
sia. (See SUBLIMAZE (fentanyl) package insert for additional prescribing information.) However, in 
prolonged operations, additional 0.5 to 1.0 ml. amounts of INNOVAR injection may be administered 
with caution intravenously if changes in the patient's condition indicate lightening of tranquilization and 
analgesia. 

HE Use Without a General Anesthetic in Diagnostic Procedures —Administer the usual LM., premedica- 
tion (0.5 to 2.0 ml.) 43 to 60 minutes before the procedure. To prevent the possibility of excessive 
accumulation of the relatively long-acting droperidol component, SUBLIMAZE (fentanyl) alone should 
be used in increments of 0.025 to 0.05 mg. (0.5 to 1.0 ml.) for the maintenance of analgesia in patients 
initially given INNOVAR injection. (See SUBLIMAZE (fentanyl) package insert for additional informa- 
tion). However, in prolonged operations, additional 0.5 to 1.0 ml. amounts of INNOVAR injection may 
be administered with caution intravenously if changes in the patient's condition indicate lightening of 
tranquilization and analgesia. 

Note: When INNOVAR injection is used in certain procedures such as bronchoscopy. appropriate topical 
anesthesia is still necessary. e 

IV. Adjunct to Regional Anesthesia—| to 2 ml. may be administered intramuscularly or slowly 
intravenously when additional sedation and analgesia are required. 


Usual Children's Dosage: 

|. Premedication —0.25 mi. per 20 ibs. body weight administered intramusculariy 45 to 60 minutes prior 
to surgery with or without atropine. 

IL. Adjunct to General Anesthesia—The total combined dose for induction and maintenance averages 0.5 
mi. per 20 ibs. body weight. Following induction with INNOVAR injection, SUBLIMAZE (fentary!) 
alone in a dose of Y to ‘4 that recommended in the adult dosage section should usually be used when 
indicated to avoid the possibility of excessive accumulation of droperidol. However, in prolonged opera- 
tions, additional increments of INNOVA injection may be administered with caution when changes in 
the patient's condition indicate lightening of tranquilization and analgesia. 


See Warnings and Precautions for use of INNOVAR injection with other CNS depressants. and in 
patients with altered response. 

OVERDOSAGE: Manifestations: The manifestations of INNOVAR injection overdosage are an exten- 
sion of its pharmacologic actions. 

Treatment: in the presence of hypoventilation or apnea. oxygen should be administered and respiration 
should be assisted or controlled as indicated. A patent airway must be maintained; an oropharyngeal 
airway or endotracheal tube might be indicated. If depressed respiration is associated with muscular 
rigidity, an intravenous neuromuscular blocking agent might be required to facilitate assisted or con- 
rolled respiration. The patient should be carefully observed for 24 hours; body warmth and adequate 
fluid intake should be maintained. If hypotension occurs and is severe or persists, the possibility of 
hypovolemia should be considered and managed with appropriate parenteral fluid therapy. A specific ner- 
cotic antagonist such as nalorphine, levallorphan or naloxone shouid be available for use as indicatedi 
manage respiratory depression caused by the narcotic component fentanyl. This does not preclude the a 
of more immediate counter-measures. The duration of respiratory depression following overdose of fen- 
tany! may be longer than the duration of narcotic antagonist action. Consult the package inserts of the 
individual narcotic antagonists for details about use. 

HOW SUPPLIED: INNOVAR® injection is supplied in 2 ml. and 5 ml. ampuls, in packages of 10. 
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DESCRIPTION: Each ml. contains: 
Fen aT. 20 iubet dope Sacre eek ipe Hos eit testas SAC SE Ref 0.05 mg. 
as the citrate 
Warning: May be habit forming. 
Sodium hydroxide for adjustment of pH to 4.0-7.5. 
FOR INTRAVENOUS OR INTRAMUSCULAR USE ONLY 
ACTIONS: SUBLIMAZE (fentanyl) is a narcotic analgesic w'th actions qualitatively similar to those of 
morphine and meperidine. SUBLIMAZE (fentanyl) in a dose of 0.1 mg. (2.0 ml.) is approximately 
equivalent in analgesic activity to 10 mg. of morphine or 75 mg. of meperidine. The principal actions of 
therapeutic value are analgesia and sedation. Alterations in respiratory rate and alveolar ventilation, 
associated with narcotic analgesics, may last longer than the analgesic effect. As the dose of narcotic is 
increased. the decrease in pulmonary exchange becomes greater. Large doses may produce apnea. 
SUBLIMAZE (fentanyl) appears to have less emetic activity than other narcotic analgesics. Histamine 
assays.and skin wheal testing in man, as well as in in vivo testing in dogs, indicate that histamine release 
rarely occurs with SUBLIMAZE (fentanyl). 
SUBLIMAZE (fentanyl) may cause muscle rigidity, particularly involving the muscles of respiration. R 
may aso produce other signs and symptoms characteristic of narcotic analgesics including euphoria. 
miosis, bradycardia, and bronchoconstriction. 
The onset of action of SUBLIMAZE (fentanyl) is almost immediate when the drug is given intraven- 
ously;:however, the maximal analgesic and respiratory depressant effect may not be noted for several 
minutes. The usual duration of action of the analgesic effect is 30 to 60 minutes after a single LV. dose of 
up to £.1 mg. Following intramuscular administration, the onset of action is from seven to eight minutes, 
and the duration of action is one to two hours. As with longer acting narcotic analgesics, the duration of 
the respiratory depressant effect of SUBLIMAZE (fentany!} may be longer than the analgesic effect. The 
following observations have been reported concerning altered respiratory response to CO» stimulation 
following administration of fentanyl to man: 
1. DIMINISHED SENSITIVITY TO CO: STIMULATION MAY PERSIST LONGER THAN 
DEPRESSION OF RESPIRATORY RATE. Fentanyl frequently slows the respiratory rate, but this 
effectis seldom noted for over 30 minutes regardless of the dose administered. 
2. Dusation and degree of respiratory depression is dose related. 
3. The peak respiratory depressant effect of a single intravenous dose of fentanyl is noted 5 to 15 minutes 
following injection. 
4, Altered sensitivity to CO» stimulation has been demonstrated for up to four hours following a single 
intravenous dose of 0.6 mg. (12 mi.) fentany! to healthy volunteers. 
See alkio WARNINGS and PRECAUTIONS concerning respiratory depression. 
INDICATIONS: SUBLIMAZE (fentanyl) is indicated: 
— for analgesic action of short duration during the anesthetic periods, premedication, induction, and 
maiütenance, and in the immediate post-operative period (recovery room) as the need arises. 
— for ase as a narcotic analgesic supplement in general or regional anesthesia. 
~ for administration with a neuroleptic such as /NAPSINE* (droperidol) injection as an anesthetic 
premedication, for the induction of anesthesia and as an adjunct in the maintenance of general and 
regional anesthesia. 
CONTRAINDICATIONS: SUBLIMAZE (fentanyl) is contraindicated in patients with known intoler- 
ance to the drug. 
WARNINGS: AS WITH OTHER CNS DEPRESSANTS, PATIENTS WHO HAVE RECEIVED 
SUBLIMAZE (FENTANYL) SHOULD HAVE APPROPRIATE SURVEILLANCE. RESUSCITA- 
TIVE EQUIPMENT AND A NARCOTIC ANTAGONIST SHOULD BE READILY AVAILABLE TO 
MANAGE APNEA. 
See alse discussion of narcotic antagonists in Precautions and Overdosage. 
If SUBLIMAZE : fentanyl) is administered with a tranquilizer such as /NAPSINE (droperidol), the user 
should familiarize himself with the special properties of each drug, particularly the widely differing dura- 
tions of action. in addition, when such a combination is used fluids amd other countermeasures to 
manage hypotension should be available. 
As with other potent narcotics, the respiratary depressant effect of SUBLIMAZE (fentanyl) persists 
longer than the measured analgesic effect. The total dose of all narcotic analgesics administered should 
be considered by the practitioner before ordering narcotic analgesics during recovery from anesthesia. 
It i$ recommended that narcotics, when required, should be used in reduced doses initially, as low as 4 
jo ‘Acthose usuallv recommended, SUBLIMAZE (fentanyl) may cause muscle rigidity. particularly 
involving the muscles of respiration, The effect is related to the speed of injection and its incidence can 
be reduced by the use of slow intravenous injection, Once the effect occurs, it is managed by the use of 
assisted or controlled respiration and. if necessary, by a neuromuscular blocking agent compatible with 
the patient's condition. 
Drug Dependence: SUBLIMAZE (fentanyl) can produce drug dependence of the morphine type and 
therefore has the potential for being abused. 
Severe and unpredictable potentiation by MAO inhibitors has been reported with narcotic analgesics. 
Since:the safety of fentanyl in this regard has not been established, the use of SUBLIMAZE (fentanyl in 
patients who have received MAO inhibitors within 14 days is not recommended. 
Head Injuries and Increased Intracranial Pressure: SUBLIMAZE ifentanyD should be used with cau- 
tion in patients who may be particularly susceptible to respiratory depression, such as comatose patients 
who may have a head injury or brain tumor. In addition. SUBLIMAZE (fentanyl) may obscure the 
clinical course of patients with head injury. 
Usage in Children: The safety of SUBLIMAZE (fentanyD in children younger than two years of age has 
not been established. 
Usage in Pregnancy: The safe use of SUBLIMAZE (fentanyl) has not been established with respect to 
possible adverse effects upon fetal development. Therefore, it should be used in women of childbearing 
potential only when, in the judgment of the physician, the potential benefits outweigh the possible haz- 
ards. There are insufficient data regarding placenta! transfer and fetal effects; therefore, safety for the 
infantin obstetrics has not been established. 
PRECAUTIONS: The initial dose of SUBLIMAZE (fentanvl) should be appropriately reduced in 
elderiy, dehilituted and other poor. risk patients. The effect of the initial dose should be considered in 
determining incremental doses. 
Certain forms of conduction anesthesia, such as spinal anesthesia and some peridural anesthetics, can 
alter respiration by blocking intercostal nerves. Through other mechanisms (see Actions} SUBLIMAZE 
(fentanyl) can also alter respiration. Therefore, when SUBLIMAZE (fentanyl) is used to supplement 
these forms of anesthesia, the anesthetist should be familiar with the physiological alterations involved, 
and be prepared to manage them in the patients selectgd for these forms of anesthesia. When used with a 
tranqedizer such as /NAPSINE (droperidol), blood pressure may be altered and hypotension can occur. 
Vital signs should be monitored routinely. i 
SUBEIMAZE (fentanyl) should be used with caution in patients with chronic obstructive pulmonary 
disease, patients with decreased respiratory reserve, and others with potentially compromised respira- 
tion. in such patients, narcotics may additionally decrease respiratory drive and increase airway resis- 
tance; During anesthesia, this can be managed by assisted or controlled respiration. Respiratory 
depression caused by narcotic analgesics can be reversed by narcotic antagonists. Appropriate sur- 
veillance should be maintained because the duration of respiratory depression of doses of fentanyl 
empleyed during anesthesia may be longer than the duration of the narcotic antagonist action. Consult 
individual prescribing information (levallorphan, nalorphine and naloxone) before employing narcotic 
antagonists. 
When a tranquilizer such as /N APSINE (droperidol) is used with SUBLIMAZE (fentanyl), pulmonary 
arterial pressure may be decreased. This fact should be considered by those who conduct diagnostic and 
surgical procedures where interpretation of pulmonary arterial pressure measurements might determine 
final manayement of the patient. 
Other CNS depressant drugs (e.g. barbiturates, tranquilizers, narcotics, and general anesthetics) will 
have additive or potentiating effects with SUBLIMAZE (fentanyl). When patients have received such 
drugs, the dose of SUBLIMAZE (fentanyl) required will be less than usual. Likewise. following the 
administration of SUBLIMAZE (fentanyl), the dose of other CNS depressant drugs should be reduced. 


SUBLIMAZE (fentanyl) should be administered with caution to patients with liver and kidney dysfunc- 
tion because of the importance of these organs in the metabolism and excretion of drugs. 
SUBLIMAZE (fentanyl) may produce bradycardia, which may be treated with atropine, however. 
JUBLIMAZE (fentanyl) should be used with caution in patients with cardiac bradyarrhythmias. 
UBLIMAZE (fentanyl) is used with a tranquilizer such as /NAPSINE {droperidol}, hypotension 
HE this occurs, the possibility of hypovolemia should be considered and managed with appro- 
enteral fluid therapy. Repositioning the patient to improve venous return to the heart should be 
“when operative conditions permit. Care should be exercised in moving and positioning of 
“because of the possibility of orthostatic hypotension. If volume expansion with fluids plus other 
fmeasures do not correct hypotension, the administration of pressor agents other than epinephrine 




































should be consisered. Because of the alpha-adrenergic blocking action af /NAPSINE (droperidol, 
epiaephrine mayaparadoxically decrease the blood pressure in patients treated with IN APSINE (droperi- 
dob. When /NA**SINE (droperidol) is used with SUBLIMAZE (fentanyl) and the EEG is used for post- 
operative monitering, it may be found that the EEG pattern returns to normal slowly. i 
ADVERSE RE..CTIONS: As with other narcotic analgesics, the most common serious adverse reac- `. 
tions reported to-occur with SUBLIMAZE (fentanyl) are respiratory depression, apnea, muscular rigid: | 
ity, and bradycarvia; if these remain untreated, respiratory arrest, circulatory depression or cardiac srest ^-^ 0o 
could occur. Other adverse reactions that have been reported are hypotension, dizziness, blurred vision, ©. e 
nausea, emesis, aryngospasm, and diaphoresis. b c 
When a tranquilizer such as /NAPSINE (droperidol) is used with SUBLIMAZE (fentanyl), the following 

adverse reactions can occur: chills and/or shivering, restlessness, and postoperative hallucinatory epi- 
sodes (sometimes associated with transient periods of mental depression); extrapyramidal symptoms 
(dystonia, akathsia, and oculogytic crisis) have been observed up to 24 hours postoperatively. When ` 
they occur, extre»yramidal symptoms can usually be controlled with anti-parkinson agents. Postopera- 
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tive drowsiness ix also frequently reported following the use of /WAPSINE (droperidol). etim 
Elevated blood 2ressure, with and without preexisting hypertension, has been reported following = 
administration o: SUBLIMAZE (fentanyl) combined with INAPSINE (droperidol). This might bè duetoi 
unexplained alterations in sympathetic activity following large doses; however, it is also frequently — ` 
attributed to ane::hetic and surgical stimulation during light anesthesia. E p M 
DOSAGE ANDA DMINISTRATION: Dosage should be individualized. Some of the factors to be con- 
sidered in deterraining the dose are age, body weight, physical status, underlying pathological condition. .. 

use of other drugs, type of anesthesia to be used, and the surgical procedure involved. ee 
Vital signs shouÉ be monitored routinely. 

Usual Aduit Dosmge: oe 
L Fremedicatior {to be appropriately modified in the elderly, debilitated, and those who have teceived 
other depressan&idrugs) -0.05 to 0.1 mg. (1 to 2 mL.) may be administered intramuscularly 30 tort 
minutes prior to aurgery. MAS 
Il. Adjunct to General Anesthesia Induction —0.05 to 0.1 mg. (1 to 2 ml.) may be administered initially 0v 
intravenously ar may be repeated at 2 to 3 minute intervals until desired effect is achieved. A reduced = 
dose as low as 0 325 to 0.05 mg. (0.5 to | ml.) is recommended in elderly and poor-risk patients. — — c 
Maintenance ~C025 to 0.05 mg. (0.5 to | mL) may be administered intravenously or intramuscularly : 

when movemensand/or changes in vital signs indicate surgical siress or lightening of analgesia. $ 

if INNOVAR® imiection is administered in addition to SUBLIMAZE (fentanyl), the calculation of the - 
recommended dese of SUBLIMAZE (fentanyl) should include the fentanyl contained in the INNOVAR- 
injection. See / MWA'OVAR injection Package Insert for full prescribing information. - 

IH. Adjunct to Regional Anesthesia —0.08 to 0.1 mg. (1 to 2 ml.) may be administered intramuscularly” 

or slowly intravenously when additional analgesia is required. 2 

IV. Postoperatively (recovery room) —0.05 to 0.1 mg. (1 to 2 ml.) may be administered intramuscularly . 

for the control o: pain, tachypnea and emergence delirium. The dose may be repeated in one to two hours: 

as needed. $ 

Usual Children - Dosage: For induction and maintenance in children two to 12 years of age, a reduced: 

dose as low as 022 to 0.03 mg. (0.4 to 0.6 ml.) per 20 to 25 pounds is recommended. See Warnings and: 
Precautions for :se of SUBLIMAZE (fentanyl) with other CNS depressants, and in patients with altered 
response. : 


OVERDOSAG 2: Manifestations: The manifestations of SUBLIMAZE {fentanyl} overdosage are an. 
extension of its pharmacologic actions. S EUR 
Treatment: In tæ presence of hypoventilation or apnea, oxygen should be administered and respiration. —..— 
sheuld be assisted or controlled as indicated. A patent airway must be maintained; an oropharyngeal- 

airway or endoracheal tube might be indicated. if depressed respiration is associated with muscular: 
rigidity, an intrevenous neuromuscular blocking agent might be required to facilitate assisted or eon- - 

trolled respiraticn. The patient should be carefully observed for 24 hours; body warmth and adequate © 

fluid intake shosid be maintained. If hypotension occurs and is severe or persists, the possibility of: 
hypovolemia sheuld be considered and managed with appropriate parenteral fluid therapy. A specific nar 

cotic antagonist :uch as nalorphine, levallorphan, or naloxone should be available for use as indicated to. 
manage respiratery depression. This does not preclude the use of more immediate countermeasures. The. 
duration of resperatory depression following overdosage cf fentanyl may be longer than the duration of 
narcotic antagomist action. Consult the package insert of the individual narcotic antagonists for details. 

about use. 7 

HOW SUPPLL:.D: 2 mi. and 5 ml. ampuls— packages of 10. 
U.S. Patent No. 3,164,600 


Rev. 1/80 . 


Committed to research... 
becaus2 so much remains to be done. 
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Year Numbers Available Vol. Year . Numbers Available 

1954 - 2 3 4 5 6 41 1962 - 2 3 4 5 6 
1955 1 2 3 4 5 6 42 1963 - - 3 4 5 6 
1956 1 2 3 - 5 6 43 1964 1 =- 3 4 5 6 
1957 - 2 - - - 6 44 1965 - 2 3 4 5 6 
1958 1 2 3 4 5 6 45 1966 ~ 2 3 4 5 6 
1959 - 2 3 4 - 6 46 1967 - 2 3 4 5 6 
1960 ~ - 3 4 5 6 47 1968 - 2 3 4 5 6 
1961 - - 3 4 5 6 48 1969 1 2 3 4 5 - 

| mE Available at $4.50 per Issue 

Year — Numbers Available Vol. Year "Numbers Available 

1970 1 2 - 2 5 6 54 1975 € P 3 7 s 6 
1971 1 2 3 - ~ - 55 1976 - 2 3 4 5 6 
1972 - 2 3 - - 6 56 1977 1 2 3 4 5 6 
1973 1 2 3 4 5 6 57 1978 1 2 3 4 5 6 
1974 - 2 3 4 E " 

| Available at $5.50 per Issue 
| Year Numbers Available 
|. 1979 1 2 3 4 5 6 
(31 980 1 
















SINGLE ISSUES PRIOR TO 1954: Write to publisher at address below for listing of issues available at $2.00 each. 

BOUND VOLUMES AVAILABLE: $8.00—For Years 1947, 1948, 1949; $10.00 —For Years 1953, 1955 
OTHER PUBLICATIONS AVAILABLE: 
"Basic and Clinical Physiology of the Liver" (Supplement to Sept.-Oct. 1965 issue)— $3.00. 
- Ten-Year (1960-1969) Cumulative Index— $3.00. 
`. Ten-Year a 970-1979) Cumulative Index— $3.00. 
| is -1979 (53rd Congress) Review Course Lectures— $3.00. 

Ls -1980 (54th Congress) Review Course Lectures & Abstracts— $3.00. 
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. SPONSORING ORGANIZATION: The International Anesthesia Research Society is a non-profit, scien n 
. educational corporation of the State of Ohio. it serves the Specialty in two ways: (1) By publication of 


. meeting in March of each year. The LA.R.S. is independent of, and has no affiliation or membership-exg | 
. arrangement with any other anesthesia society or association: | 


. PURPOSE OF EDUCATIONAL MEMBERSHIP: To financially ass-st students in anesthesiology or anest 








ie WHO. IS ELIGIBLE FOR EDUCATIONAL MEMBERSHIP: 


E Cleveland business office, address above. 
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ly journal entitled "Anesthesia and Analgesia’’; and (2) By sponsorship of an annual scientific (‘Cong 





relatec training programs by making available to them, during the effective term of their Educational Membershi i 


(1) A one-half price subscription to "Anesthesia and Analgesia” and 
(2) Complimentary registration at the annual scientific meetirg. 


| Residents and Fellows (Interns) enrolled in training prograns in the medical, osteopathic or dental 
professions; | E 


ji Nurses with a diploma or degree in nursing who are enrolled ir nurse anesthesia schools; 


ii Students enrolled in programs leading to certification as Physician Assistants in Anesthesia/ Anesihesioloaia : E : E 
Assistants /Physician Associates in Anesthesiology; anc de 
















Students enrolled in programs leading to certification as Respratory Therapists or Technicians. 


MEMBERSHIP TERMS AND COSTS: There are two membership periods available. The applicable member- 
ship dues must be paid in full with the application (i.e., annual payrrents of $15 will not be accepted.) p 


Two-Year Term— $30.00: Individuals applying for this period should have at least 18 months remaining ‘in 
their training program at the time of application: | 


Three-Year Term— $45.00: individuals applying for this period snould have at least 30 months remaining. ^ 
their. training program at the time of application. 5 


Note: The Educational Membership term should not extend more than six months following the ending of the 
. training program covered. To that end, LA.R.S. may, at its option, enter memberships retroactivel 
conform. In such instances, back issues of the Journal will be sent so that ail 2-year memberships include 

12 Journals, and all 3-year memberships include 18 Journds. 


CANCELLATION OF MEMBERSHIP: Educational Membership can be cancelled upon written request to the 
IARS, and return of membership card, if the member is no longer enrolled in the training program. Pro-rated 
refunds will be made at the discretion of the LA.R.S. p 


CONTINUATION OF MEMBERSHIP: After completion of the Educational Membership period, and upon pay- 
ment of membership dues then in effect, individuals in Category | will be automatically continued as Members; d 
and individuals in Categories li and III will be automatically continued as Associate Members of the I. A. R. S. | 
APPLICATION FORMS: The official application form (or facsimi& thereof) must be used in applying for this 
membership, and payment must be submitted with the application. Application forms are available from in 
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IM 


IV 
(butorphanol tartrate) 


the shift is to 





for pain management 


insurgery 


B proven analgesic efficacy—as a pre- and 
postoperative agent... for patients in labor... 
as the analgesic component of balanced 
anesthesia 


fast acting—onset of action within 10 minutes 
IM, very rapidly IV; peak analgesic activity 
win ou: minutes IM, more rapidly Vv 


Z mg of Stadol produces a degree of respira- 
tery depression similar to that of 10 mg of 
morphine or 70 mg of meperidine—unlike 
these agents, doubling the Stadol dose to 4 mg 
coes not appreciably increase the magnitude 
Gf respiratory depression 


favorable side effect profile—low physical 
aependence liability, little nausea or vomiting, 
imfrequent constipation 


u few CNS effects other than sedation—the 
reported incidence of euphoria and hallucina- 
tons is less than 1% 


B ronscheduled—not subject to regulations 
under the Federal Controlled Substances Act 


> butorphanol tartrate) 


proven performance in the relief 
of moderate to severe pain 


TY Bristol Laboratories 
BRISTOL Division of Bristol-Myers Company 
Syracuse, New York 13201 


Please see brief suremary of prescribing information on the following page 


Copyright ©1980, Bristol Laboratorie: 





- : Brief Summary of Prescribing Information 
STADOL® (butorphanol tartrate) 
For complete information, consult Official Package Circular. 
* (2) 12/10/79 
INDICATIONS AND USAGE —S tado! is recommended for the relief of moderate to severe 

. pain. Stadol can also be used for preoperative or preanesthetic medication, as a 

Supplement tc balanced anesthesia, and for the relief of prepartum pain. 
CONTRAINDICATIONS—Stado! should not be administered to patients who have been 
shown to be hypersensitive toit — 

WARNINGS —Patients Physically Dependent on Narcotics: Because of its antagonist 
properties, Stadol is not recommended for patients physically dependent on 
narcotics. Detoxification in such patients is required prior to use, 

Due to the difficulty in assessing addiction in patients who have recently received 
substantial amounts of narcotic medication, caution should be used in the 
administration of Stadol. Detoxification of such patients prior to usage should be 
carefully considered. 

. Drug Dependence: ie care should be exercised in administering Stadol to 

emotionally unstable patients and to those with a history of drug misuse. When 
long-term therapy is contemplated, such patients should be closely supervised. 
Even though Stadol has a low physical dependence liability, care should be taken 
that individuals who may be prone to drug abuse are closely supervised. It is 
important to avoid increases in dose and frequency of injections by the patient and 
to prevent the use of the drug in anticipation of pain rather than for the relief of pain. 
Head injury and Increased intracranial Pressure: ee h there is no clinical experience 
in patients with head injury, it can be assumed that Stadol, like other potent 
analgesics, elevates cerebrospinal fluid pressure. Therefore the use of Stadol in 
cases of head injury.can produce effects (e.9.. miosis) which may obscure the 
clinical course of patients with head injuries. In such patients Stadoí must be used 
with extreme caution and only if its use is deemed essential. 

Cardiovascular Effects: Because Stadol increases the work of the heart, especially the 
pulmonary circuit, the use of this drug in acute myocardial infarction or in cardiac 
patients with ventricular dysfunction or coronary insufficiency should be limited to 
those who are hypersensitive to morphine sulfate or meperidine. 
PRECAUTIONS — Certain Respiratory Conditions: Because Stadol causes some respiratory 
depression, it should be administered ony with caution and low dosage to: patients 
with respiratory depression (e.g., from other medication, uremia, or severe infec- 
tion), severely limited respiratory reserve, bronchial asthma, obstructive respiratory 
conditions, or cyanosis. 

Impaired Renal or Hepatic Function; Although laboratory tests have not indicated that 
Stadol causes or increases renal or hepatic impairment, the drug should be 
administered with caution to Teide with such impairment. Extensive liver disease 
may predispose to greater side effects and aoe activity from the usual clinical 
dose, possibly the result of decreased metabolism of the drug by the liver. 

Biliary Surgery: Clinical studies have not been done to establish the safety of Stado! 
administration to patients about te undergo surgery of the biliary tract. 

Usage as a Preoperative or Praanssthetic Medication: Slight increases in systolic blood 
pressure may occur, therefore caution should be employed when Stadol is used in 
the hypertensive patient. 

Usage in Balanced Anesthesia: The use of pancuronium in combination with Stadol may 
Cause an increase in conjunctival changes. 

Usage in Pregnancy: The safety of Stadol for use in pregnancy prior to the labor period 
has not been established; therefore, this drug shouid be used in pregnant patients 
only when in the judgment of the physician its use is deemed essential to the welfare 
of the patient. - 

Reproduction studies have been performed in rats, mice and rabbits and have 
revealed no evidence of impaired fertility or harm to the fetus due to Stadol at about 

25105 times the human dose. 

Usage in Labor and Delivery: Safety to the mother and fetus following administration of 
Stado! during labor has been established. Patients receiving Stadol during labor 
have experienced no adverse effects other than those observed with commonly used 
analgesics. Stadol should be used with caution in women delivering premature 
infants, 

Usage in Nursing Mothers: The use of Stadol in lactating mothers who are nursing their 
infants is not recommended since it is not known whether this drug is excreted in 
human milk. Stado! has been used safely for labor pain in mothers who sub- 
sequently nursed their infants. 

‘Usage in Children: Safety and efficacy in children below age 18 years have not been 

.  MYVERSE REACTIONS—The most frequent adverse reactions in 1250 patients treated 

with Stadol are: sedation (503, 40%), nausea (82, 6%), clammy / sweating (75, 6%). 
Less frequent reactions are: headache (35, 3%), vergo 33, 3%), floating feeling (33, 
3%), dizziness (23, 2%), lethargy (19, 2%), confusion (15, 1%), lightheadedness (12. 1%). 

. Other adverse reactions which may occur (reported incidence of less than 1%) are: 

.—— , UNS nervousness, unusual dreams, agitation, euphoria, hallucinations 
c: Autonome: flushing and warmth, dry mouth, sensitivity to cold 

Cardiovascular: palpitation, increase or decrease of blood pressure 

— Gastrointestinal: vomiting 
.  Retpirstory: slowing of respiration, shallow breathing 
— . Dermatological: rash or hives 
Eye: diplopia or blurred vision 
/, , UWERDOSAGE— Manifestations: Although there have been no experiences of over- 
.. . dosage with Stadol during clinical trials, this may occur due to accidental or 
. intentional misuse as well as therapeutic use. Based on the pharmacology of Stadol, 
overdosage could produce some degree of respiratory depression and variable 

.. cardiovascular and central nervous system effects. 

— Treatment: The immediate treatment of suspected Stado! overdosage is intravenous 
naloxone. The respiratory and cardiac status of the patient should be evaluated 

-..  tonstantly and appropriate supportive measures instituted, such as oxygen, intra- 

^... venous fluids, vasopressors and assisted or controlled respiration. 

d aal {butorphanol tartrate) Injection for LM. or LV. use, isavailable 
as follows: 
. NDC 0015-5644-20—2 mg per ml, 2-mi vial 
L7 NBC 0015-5645-20— 1 mg per mi, 1-mi vial 

> NDC 0015-5646-20—2 mg per mi, 1-mi vial 
NDC 0015-5646-23—2 mg per mi, 1-ml Disposable Syringe 
' NBC 0015-5648-20—2 mg per mi, 10-mi muiti-dose vial 


BRISTOL" 





































Bristol Laboratories 
Division of Bristol-Myers Company 
Syracuse, New York 13201 
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ADDRESS CHANGE NOTICE 


International Anesthesia Research Society 
3645 Warrensville Center Road 
Cleveland, Ohio 44122 


Please change my mail address for ANESTHESIA and 
ANALGESIA, effective 


TUTTI MIA ATTI TUTTI Hn me reri pr t MA Hee tt i ERI A T a i e e i ai A i M AA TY 


— ——'Ó— m I —— M —— 
From— (Current or former address) 


HT HITS Hn tta at hr t e A rt a a M A a tara a a 


Street Address 


M 


City, State, Zip Code 





Important: Show your name and address exactly as 
your Journal is now addressed. 


Teemana HH hrs S AREA ntt mmie aa aai m a A A Ma A MEAM n 


To—(New Address) E 


Street Address 


City, State, Zip Code 


Print Your Name 





Cook County Graduate School of Medicine 


announces 


SPECIALTY REVIEW COURSE IN 
ANESTHESIOLOGY 


May 11-16, 1980 


Alon P. Winnie, M.D., Course Coordinator 
Chairman, Department of Anesthesia 
Abraham Lincoln School o? Medicine 

University of Illinois 


A six-day intensive review course which examines, in-depth, the 
clinical practice of Anesthesiology and tke fundamental principles 
upon which it is based. 


A.M.A. Category I Credit: 54 Hours 


For further information and registration contact: 


Cook County Graduate School of Medicine 
707 South Wood Street, Chicago, Illinois 60612 
(312) 733-2800 





STATE UNIVERSITY 


of 


LA.R.S. 1979 new vow. 


STAFF 
REVIEW COURSES 


ANESTHESIOLOGIST 


Booklet containing 14 Review 
Course Lectures given at 53rd 


Congress in March of 1979 is Two postions at the rank of Assistant or Associate 

Professor will be available after January 1, 1980. Re- 
available from I.A.R.S. sponsibil ties include teaching, at the undergraduate, 
Cleveland business office at graduate and postgraduate levels, research and service. 


Four yea’s of postgraduate training and eligibility for 
a New Yerk license is required. An interest in regional 
limited and orders will be aresthesim, pain therapy or intensive care advanta- 


$5.00 per copy. Supply is 


geous, but not essential. Highly competitive salary 


filled on basis of receipt date structure and excellent fringe benefits. 


of order. Make checks Send cur-iculum vitae to: 

payable to International Howard L. Zauder, M.D., Ph.D. 
Professor and Chairman 

Anesthesia Research Society Department of Anesthesiology 


and send with order. State University of New York 
Upstate Medical Center 
Syracuse, New York 13210 
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PEDIATRIC ANESTHESIOLOGY RESI- 
DENCY 


Childrens Hospital of Los Angeles has ad- 
vanced clinical program for residents at 
the second and third year level of training. 
Also accepting applications from practic- 
ing anesthesiologists who wish to update 
their knowledge and proficiency. Positions 
available from 2 months to 1 year. Spe- 
cialized year approved by the AMA. For 
further details contact: 

George B. Lewis, Jr, MD 

Head, Division of Anesthesiology 

Childrens Hospital of Los Angeles 

4650 Sunset Boulevard 

Los Angeles, CA 90027 

Phone (213) 662-1708 


RADA ELE ALESIS TERT TEE ELEMENT 
MARYLAND: 


The Maryland Institute for Emergency 
Medical Services Systems is seeking staff 
anesthesiologists with an interest and/or 
experience in critical care, trauma anesthe- 
sia and/or neuro-surgical anesthesia/crit- 
ical care, MIEMSS is the 85 bed clinical 
center for trauma care and research in the 
State of Maryland. Teaching and research 
opportunities in a multidisciplinary setting 
are available. Salary negotiable, liberal 
fringe benefits. Send curriculum vitae to: 
Peter Chodoff, M.D., M.P.H., Chief, Crit- 
ical Care/Anesthesia, Maryland Institute 
for Emergency Medical Services Systems, 
Baltimore, Maryland 21201 


RC ND EEE ALE SEI 
MAYO FOUNDATION, DEPARTMENT 
OF ANESTHESIOLOGY— 


Opportunities for advanced subspecialty 
training in cardiovascular and neuro-an- 
esthesia, respiratory intensive care, and 
pain management are available to quali- 
fied candidates. Indepth training experi- 
ence in one or more of these areas for 
periods of six months to two years may be 
arranged. For additional details, contact: 
Alan D. Sessler, M.D., Chairman, Depart- 
ment of Anesthesiology, Mayo Founda- 
tion, Rochester, Minnesota 55901. 





classified 
ADVERTISING 


ANESTHESIOLOGIST 


Position available for an Anesthesiologist 
in an active 460-bed general medical and 
surgical teaching hospital with strong af- 
filiation with University of Missouri Med- 
ical School. Prefer candidate who is board 
certified or eligible. Licensure in any of 
the 50 states acceptable. Salary range 
$40,000 to $50,112 per year dependent on 
qualifications plus handsome bonus. Lib- 
eral fringe benefits. Call or write Warren 
P. Sights, M.D., Acting Chief of Staff, 
Harry S. Truman Memorial Veterans Hos- 
pital, 800 Stadium Road, Columbia, MO 
65201, phone (314) 443-2511 ext. 6010. An 
Equal Opportunity Employer. 


ANESTHESIOLOGISTS: 


90 member multispecialty group adjacent 
to modern accredited 500 bed hospital 
seeks Board eligible or certified specialist 
to join associates; located in upper mid- 
west university metropolitan area of 
110,000; thirty-five minutes from superb 
clean lake region; associated with four 
year medical school; outstanding income; 
all specialties represented; will pay travel 
expenses for physician and spouse for in- 
terview. Write Box 3-80-A, % LA.R.5. 


ANESTHESIOLOGIST 


Board certified or eligible to join MLD.'s 
and CRNA's in 380-bed hospital. Prefer 
recently trained in all techniques. Please 
send CV to Belleville Anesthesia Associ- 
ates, P. O. Box 1232, Belleville, Illinois 
62223. 


MISSOURI 


Anesthesiologist wanted to join private 
group practice. 400-bed hospitai with all 
specialties except open heart; little OB. 
Town of 100,000 with good schools, close 
airport, and good recreation. Excellent 
starting income, fringes, and potential. Re- 
ply to Box 7-79-A, c/o LA.R.5. 
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ANESTHESIOLOGIST 

Needed in small Minnesota city. Challeng- 
ing cases, no open heart. Malpractice in- 
surance paid. Salary first year, then buy- 
in. Reply to Box 9-79-H, c/o LA.R.5. 


- 
MASSACHUSETTS 

Anesthesiologist needed to join private 
group practice in 300-bed hospital in town 
of 20,000, servicing an area population of 
70,000 in rural New England. All special- 
ties except open heart. Good schools, rec- 
reation, transportation. Salary first year 
with fringes—then full partnership. Reply 
to Box 4-80-B, % LA.R.S. 


TULANE UNIVERSITY, New Orleans. 
Louisiana 


Position available in July 1980 for a staff 
academic anesthesiologist. Responsibili- 
ties in clinical, teaching and research areas. 
Tulane University is an Affirmative Ac- 
tion/Equal Opportunity employer. Send 
Curriculum Vitae to: Robert R. Kirby, 
M.D., Department of Anesthesiology, Tu- 
lane University School of Medicine, 1436 
Tulane Avenue, New Orleans, Louisiana 
70112. | 


UNIVERSITY OF CALIFORNIA, IRVINE 


The Department of Anesthesiology, Uni- 
versity of California, Irvine, has faculty 
positions open at junior and senior levels. 
Rank will be commensurate with experi- 
ence and qualifications, Positions are 
available in all fields, although special ex- 
pertise in neurological anesthesia, cardiac 
anesthesia, intensive care and/or pain 
management is desirable. Candidates must 
have demonstrated skills in teaching, re- 
search, and patient care activities, be Board 
certified/eligible, and possess California 
State license. Women and minorities are 
encouraged to apply. Send curriculum vi- 
tae and names of three references to Bruce 
F. Cullen, M.D., University of California, 
Irvine, Department of Anesthesiology, 
Route 81A, 101 City Drive South, Orange, 
CA 92668. 
















ANESTHESIOLOGIST NEEDED 


Position available immediately for Board 
Certified or eligible anesthesiol ogist. P. A. 
inchides physician anesthesiologists and 
As. Al types of anesthesia are pro- 
| in 900 bed medical center, including 
heat and neuro. Located in beautiful 
Belt city. Reply to Box 4-80-A, % 
5. 




















a I EE TE NERD 
ANESTHESIOLOGIST 

Excellent opportunity to begin pr-vate 
practice and direct the anesthesiology de- 
partment of a 185 bed general hossital, 
with 2 C.R.N.A/s. A rapidly exparding 
community 45 miles from excellent edu- 
cational, professional contacts in St. L»uis. 
Contact: |. T. Farrell, Executive Vice "res- 
ident, Administrator, St. Francis Nercy 
Hospital, 200 Madison Ave., Washington, 
MO 63090. Equal Opportunity Emplsyer. 
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Rates fon: classified. advethis 
per line, minimum 5 lines; box. 
ads $3.50 per line. Classified display 
on request. Copy deadline 6 weeks prior 
to publication. Do not submit payment: 
with order; invoices will be sent for paya. = 
ment prior to publication. Ad copy, subject E 
to acceptance by publisher, should. Bec 
mailed to: Anesthesia and Analgesia, 3645 
Warrensville Center Rd., Cleveland, OH Tos 
44122 m 
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When you buy from 
Physio-Control, 
you get more than 
just a machine. 


You get people. Committed 
people. You get the largest and 
mcst responsive service organi- 
za ion in the industry. The best 
traned. The most dedicated. 
Factory-direct and nationwide. 

It's no accident either. 

At Physio-Control, we pride 
ourselves on producing the most 
advanced acute cardiac care 
systems in the world. But excel- 
lerce of product isn't enough. 

A ife-saving system must have 
se-vice to match. 

You stand behind your 
wcrk. So do we. 





Only 
rakes the Lifepak? 


NM 





Physio-Control Corporation is the world leader in acute cardiac care systems. 1 1811 Willows Road. Redmond, Washington 98052 
(206) 883-1181/Telex: 32-0166 Cable: PHYSIO/RED Lifepek and Physio-Control are registered trademarks. 





Jnround Is Better. 


The unround Offset and Offset Dx ECG monitoring electrode... 


:specially created to solve problems. 


Inround for secure, 
inrestricted electrode 
llacement. 

‘he unique elliptical design 

f Offset electrodes permits 
lacement on almost any body 
ite and ensures conformation 
) body contours. The special 
eat activated adhesive resists 
ontact loss due to perspiration 
»ven when used on diaphoretic 
atients) and loosening action 
aused by prep solutions. 


Unround to reduce motion 
artifact and ensure base-line 
stability. 

The Medi-Trace®, Offset elec- 
trode separates the snap from 
the gel column, connecting 
them with a silver /silver chloride 
conductor. The result? Little or 
no movement of the gel column, 
producing a superior trace that 
virtually eliminates motion 
artifact. Since the snap is over 
the adhesive, leadwire induced 
artifact and loose electrodes 
caused by leadwire tugging 

are virtually eliminated. 


Unround, the result of 

new technology in ECG 
monitoring electrodes.* 
Advanced technology assures 
unprecedented conductivity 
and an end to trace deterio- 
ration problems. Specially 
formulated gel prevents pre- 
mature dry-out and provides 
low impedance for a strong, 
reliable trace. In actual 
defibrillation tests, Offset elec- 
trode trace recovery occurred 
in less than one second! 


Uninterrupted ECG monitoring 
is virtually assured. 


a 


Unround to result in 

a superior trace. 

The soft, flexible gel ring 
maintains a stable gel column, 
even during patient and/or 
leadwire movement. Motion arti- 
fact is greatly reduced. Further, 
the specially formulated low 
impedance gel ensures base- 
line stability and minimizes 
patient skin irritations. The 
result? A rapid, strong, clear 
trace that's trouble free. i 





Mfset Dx...all the benefits 

f Offset ECG monitoring 
lectrodes...Plus 

"aller in size, maximizing site 
acement flexibility 

sore "aggressive" adhesive, 
?portant with problem patients 
nd procedures 

Jitable for diaphoretic patients, 
ress test and Holter Moni- 
sring™** procedures 


anufactured under U.S. patent 3,97 7392 
wademark of DelMar Avionics 


Unround Offset and Offset 
Dx...part of a total ECG 
monitoring system. 

Packaged for your con- 
venience, Offset electrodes are 
available in singles, 3's and 
25's. Offset Dx electrodes come 
in singles, 5's and 25's, A multi- 
ple layer foil package maintains 
a clean product that is virtually 
impervious to moisturé/ vapor 
transmission. rap 


Offset and Offset Dx ate part — -x 


of our total ECG monitoring 
system that includes a com- 
plete line of cables, leadwires, 
recording charts and patient 
record forms. 
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improved your 










esophageal 
stethoscope... 


Digital display 
for at-a-glance 
convenience 
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we've added temperature 


National Catheters esophageal stethoscope lets you monitor heart and 
respiratory sounds and now core temperature with one intubation. 
Temperature probe wires embedded in separate lumens can't interfere with 
sound transmission. Unique design gives you positive connections. 
Economical thermocouple design for truly affordable single use. 


The hi-lo* temperature monitor has an easy-to-read digital display—no 
squinting at tiny numbers on a meter. The monitor does not need any "red- 
line" adjustment or calibration prior to each use. Ordinary D-cell batteries 
give you accurate readings for over 6 months of normal usage without 
recharging; a warming signal tells you when they need replacing. 


For more information about the esophageal stethoscope and hi-lo® 
temperature monitor, get in touch with your National Catheter representative. 
If you use an esophageal stethoscope at all, you might as well get all the 
information it can give you. 
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Pavulon facilitates intubation and provides 
safe, neuromuscular blockade 


i i Organon Pharmaceuticals 
Histamine release and ganglionic NC?r&enenj A Division of Organon Inc. 
ub. West Orange, N.J. 07052 
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Proceed with PAVULON 


pancuronium bromide 
The clinically proven nondepolarizing muscle relaxant 


Brief Summary (Please consult full package insert, enclosed in every 
package, before using Pavulon). 

ACTIONS: Pavulon is a non-depolarizing neuromuscular blocking agent 
possessing all of the characteristic pharmacological actions of this class 
of drugs (curariform) on the myoneural junction. 

Pavulon (pancuronium bromide) is antagonized by acetylcholine, 
anticholinesterases, and potassium ion. Its action is increased by inhala- 
tional anesthetics such as halothane, diethyl ether, enflurane and meth- 
oxyflurane, as well as quinine, magnesium salts, hypokalemia, some 
carcinomas, and certain antibiotics such as neomycin, streptomycin, 
clindamycin, kanamycin, gentamicin and bacitracin. The action of Pavu- 
lon may be altered by dehydration, electrolyte imbalance, acid-base 
imbalance, renal disease, and concomitant administration of other 
neuromuscular agents. 

CONTRAINDICATIONS: Pavulon is contraindicated in patients known to 
be hypersensitive to the drug or to the bromide ion. 


WARNINGS: PAVULON SHOULD BE ADMINISTERED IN CAREFULLY 
ADJUSTED DOSAGE BY OR UNDER THE SUPERVISION OF EXPERI- 
ENCED CLINICIANS, WHO ARE FAMILIAR WITH ITS ACTIONS AND THE 
POSSIBLE COMPLICATIONS THAT MIGHT OCCUR FOLLOWING ITS 
USE. THE DRUG SHOULD NOT BE ADMINISTERED UNLESS FACILI- 
TIES FOR INTUBATION, ARTIFICIAL RESPIRATION, OXYGEN THER- 
APY, AND REVERSAL AGENTS ARE IMMEDIATELY AVAILABLE. THE 
CLINICIAN MUST BE PREPARED TO ASSIST OR CONTROL RESPIRA- 
TION. 

In patients who are known to have myasthenia gravis small doses of 
Pavulon may have profound effects. A peripheral nerve stimulator is 
especially valuable in assessing the effects of Pavulon in such patients. 


USAGE iN PREGNANCY: The safe use of pancuronium bromide has not 
been established with respect to the possible adverse effects upon fetal 
development. Therefore, it should not be used in women of childbearing 
potential and particularly during early pregnancy unless in the judgment 
of the physician the potential benefits outweigh the unknown hazards. 
Pavulon may be used in operative obstetrics (Cesarean section), but 
reversal of pancuronium may be unsatisfactory in patients receiving 
magnesium sulfate for toxemia of pregnancy, because magnesium salts 
enhance neuromuscular blockade. Dosage should usually be reduced, 
as indicated, in such cases. 
PRECAUTIONS: Although Pavulon has been used successfully in many 
patients with pre-existing pulmonary, hepatic, or renal disease, caution 
should be exercised in these situations. This is particularly true of renal 
disease since a major portion of administered Pavulon is excreted 
unchanged in the urine. 


ADVERSE REACTIONS: Neuromuscular: the most frequently noted 
adverse reactions consist primarily of an extension of the drug's pharma- 
cological actions beyond the time period needed for surgery and 
anesthesia. This may vary from skeletal muscle weakness to profound 
and prolonged skeletal muscle relaxation resulting in respiratory insuffi- 
ciency or apnea. Inadequate reversal of the neuromuscular blockade by 
anticholinesterase agents has also been observed with Pavulon (pan- 
curonium bromide) as with all curariform drugs. These adverse reactions 
are managed by manual or mechanical ventilation until recovery is 
judged adequate. 

Cardiovascular: A slight increase in pulse rate is frequently noted. 

Gastrointestinal: Salivation is sometimes noted during very light anes- 
thesia, especially if no anticholinergic premedication is used. 

Skin: An occasional transient rash is noted accompanying the use of 
Pavulon. 

Respiratory: One case of wheezing, responding to deepening of the 

inhalational anesthetic, has been reported. 
DRUG INTERACTION: The intensity of blockade and duration of action 
of Pavulon is increased in patients receiving potent volatile inhalational 
anesthetics such as halothane, diethyl ether, enflurane and methoxy- 
flurane. 

Prior administration of succinylcholine, such as that used for endo- 
tracheal intubation, enhances the relaxant effect of Pavulon and the 
duration of action. If succinylcholine is used before Pavulon, the admin- 
istration of Pavulon should be delayed until the succinylcholine shows 
signs of wearing off. 

DOSAGE AND ADMINISTRATION: Pavulon should be administered only 
by or under the supervision of experienced clinicians. DOSAGE MUST 
BE INDIVIDUALIZED IN EACH CASE. See package insert for suggested 
dosages. 

CAUTION: Federal law prohibits dispensing without prescription. 


Reference: 
1. Stanley and Liu, Anesth Analg 56:669, 1977 


Organon Pharmaceuticals 
A Division of Organon Inc. 
West Oranae, N.J. 07052 





MULTIPLE SCLEROSIS 
IS OF VITAL CONCERN 
TO EVERYONE 
WHO LIVES HERE. 


In our world today, an 
estimated one and a half million 
young adults are victims of 
multiple sclerosis. A mysterious, 
debilitating crippler for which 
there is no known cause or cure 
that seemingly comes from 
nowhere to strike at young 
people in their prime years. 

There used to be no help, no 
hope. But through the efforts of 
the National Multiple Sclerosis 
Society, and the contributions 
of caring people, a massive 
research program is under way. 
Many feel the answer is closer 
than ever before. And we can 
find it, with your help. A major 
health problem, multiple 
sclerosis is a greater crippler 
than polio ever was. It should 
not exist in our world today. 





National Multiple Sclerosis Society 
257 Park Avenue South 
New York, New York 10010 


Presenting the all-new Physio- 
Control CMS 6000 — the common- 
sense four-bed central ECG 
monitoring system. We designed it 
specifically for the busy Emergency 
Department or Recovery Room. It's 
also ideal for the small-hospital 
CCU or ICU. 

FUNCTIONAL —Four- 
channel casdioscope with freeze 
channel and recorder. Digital 
rate meters with high and low 
alarm limits. 

FLEXIBLE — Use with portable 
Lifepak9 6 monitors as hardwired 
bedside monitors. Or all channels 


can be telemetry. Or any CMS 
combination. 6000. 
The new CMS 6000 


from 


is the world leader in acute cardiac care systems. 11811 V/illows Road, Redmond, Washington. 98052 
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Now! A common-sense monitoring system that's 
flexible, functional, reliable and affordable! 


RELIABLE—The CMS is 
engineered and built with 
thorough ly-proven, highly-reliable 
electronic components. And the 
system is backed by Physio- 
Control's own nationwide factory 
service team. 

AFFORDABLE — Because we 
engineera3d it to deliver only 
the most needed functions, 
the CMS 6000 gives you 
more function at lower 
COSI. 

Tha s the whole 
idea. Thets common 
sense. That's the 












Before the procedure 
Onset of action 








After the procedure 
Diminished recall 








Preoperative relief with postoperative benefits 


O Predictable course of action—onset within O A proven record of safety and performance. 
minutes, release within hours. As with most 
CNS-acting drugs, outpatients should be 
cautioned against engaging in hazardous 
occupations requiring complete mental 


alertness, e.g., operating machinery or D Use with cere in elderly, very ill and 
driving. patients witk limited pulmonary reserve (see 


Warnings section on following page). 


D Does not normally compromise cardiac or 
respiratory fanction. Resuscitative equipment 
should be readily available. 


D Calm relaxed patient, better prepared for 
the procedure. O Narcotic dcsage can and should be reduced. 


Iniectable "Valium ; M 


diazepam/Roche ( 


A pattern of action 
that meets your needs 


Please see summary of product information on next page. 





New/ Improved 





Tel-E-Ject 





10-mg Disposable 


Siringe (5 jer 


scale on both sides 
of barrel eases 


visibility during 
administration 


Injectable 


Valium |. 


VALIUM 


diazepam/Roche 


10-ml vials 
2-ml ampuls 


5 mg/ml 










Please consult complete 
product information, a summary 
of which follows: 


Contraindications: Hypersensitivity. 
acute narrow angle glaucoma; may be 
used in patients with open angle glau- 
coma receiving appropriate therapy 
Warnings: 7o reduce the possibility of 
venous thrombosis, phlebitis, local irri- 
tation. swelling, and, rarely. vascular 
impairment when used I.V.: inject 
slowly, taking at least one minute for 
each 5 mg (1 ml) given; do not use 
small veins, i.e., dorsum of hand or 
wrist; use extreme care to avoid intra- 
arterial administration or extravasation 
Do not mix or dilute Valium (diazepam! 
Roche) with other solutions or drugs in 
syringe or infusion flask. If it is not 
feasible to administer Valium directly 
I.V.. it may be injected slowly through 
the infusion tubing as close as pos- 
sible to the vein insertion 

Administer with extreme care to elderly, 
very ill, those with limited pulmonary 
reserve because of possibility of apnea 
and/or cardiac arrest; concomitant use 
of barbiturates, alcohol or other CNS 
depressants increases depression with 
increased risk of apnea, have resusci- 
tative facilities available. When used 
with narcotic analgesic, eliminate or 
reduce narcotic dosage at least 75, 
administer in small increments. Should 
not be administered to patients in 
shock. coma, acute alcoholic intoxica- 
tion with depression of vital signs. As 
with most CNS-acting drugs. caution 
against hazardous occupations requir- 
ing complete mental alertness (e.g., 
operating machinery, driving) 

Has precipitated tonic status epilep- 
ticus in patients treated for petit mal 
status or petit mal variant status 
Withdrawal! symptoms similar to those 
with barbiturates and alcohol have 
been observed with abrupt discon- 
tinuation after long use of excessive 
doses. Infrequently, milder withdrawal 
symptoms have been reported follow- 
ing abrupt discontinuation of benzo- 
diazepines after long. continuous use 
at high therapeutic levels. After ex- 


tended therapy. gradually taper dosage. 


Usage in Pregnancy: Use of 
minor tranquilizers during 
first trimester should almost 
always be avoided because 
of increased risk of congeni- 
tal malformations, as sug- 
gested in several studies. 
Consider possibility of preg- 
nancy when instituting 
therapy; advise patients to 
discuss therapy if they intend 
to or do become pregnant. 
Not recommended for OB use. 


Efficacy/safety not established in neo- 
nates (age 30 days or less); prolonged 
CNS depression observed. In children, 
give slowly (up to 0.25 mg/kg over 3 
minutes) to avoid apnea or prolonged 
somnolence; can be repeated after 15 
to 30 minutes. If no relief after third 
administration, appropriate adjunctive 
therapy is recommended. 
Precautions: Although promptly con- 
trolled, seizures may return; re-admin- 
ister if necessary; not recommended 
for long-term maintenance therapy 

If combined with other psychotropics 
or anticonvulsants. carefully consider 
individual pharmacologic effects—par- 
ticularly with Known compounds which 
may potentiate action of Valium 
(diazepam/Roche), i.e., phenothia- 
zines, narcotics, barbiturates, MAO in- 
hibitors, antidepressants. Protective 
measures indicated in highly anxious 
patients with accompanying depres- 
sion who may have suicidal tenden- 
cies. Observe usual precautions in 
impaired hepatic function; avoid ac- 
cumulation in patients with compro- 
mised kidney function. Laryngospasmv 
increased cough reflex are possible 
during peroral endoscopic proce- 
dures; use topical anesthetic, have 
necessary countermeasures available. 
Hypotension or muscular weakness 
possible, particularly when used with 
narcotics, barbiturates or alcohol. Use 
lower doses (2 to 5 mg) for elderly/ 
debilitated 

Adverse Reactions: Drowsiness, fa- 
tigue, ataxia, venous thrombosis/ 
phlebitis at injection site. confusion, 
depression, dysarthria, headache, hy- 
poactivity, slurred speech, syncope, 
tremor, vertigo, constipation, nausea, 
incontinence, changes in libido, uri- 
nary retention, bradycardia, car- 
diovascular collapse, hypotension, 
blurred vision, diplopia, nystagmus, 
urticaria, skin rash, hiccups, changes 
in salivation, neutropenia, jaundice. 
Paradoxical reactions such as acute 
hyperexcited states, anxiety, hallucina- 
tions, increased muscle spasticity, 
insomnia, rage, sleep disturbances, 
stimulation have been reported; should 
these occur, discontinue drug. Cough, 
depressed respiration, dyspnea, hy- 
perventilation, laryngospasm/pain in 
throat and chest have been reported in 
peroral endoscopic procedures. Iso- 
lated reports of neutropenia, jaundice; 
periodic blood counts, liver function 
tests advisable during long-term 
therapy. Minor EEG changes, usually 
low-voltage fast activity, of no known 
significance. 

Management of Overdosage: Man- 
ifestations include somnolence, con- 
fusion, coma, diminished reflexes 
Monitor respiration, pulse, blood pres- 
sure; employ general supportive 
measures, |.V. fluids, adequate airway. 
Hypotension may be combated by the 
use of levarterenol or metaraminol. 
Dialysis is of limited value. 

Supplied: Ampuls, 2 ml. boxes of 10; 
Vials, 10 ml, boxes of 1; Tel-E-Ject* 
(disposable syringes), 2 ml, boxes of 
10. Each ml contains 5 mg diazepam 
compounded with 4096 propylene 
glycol, 10% ethyl alcohol, 5% sodium 
benzoate and benzoic acid as 
buffers, and 1.596 benzyl alcohol as 
preservative. 


Division of Hoffmann-La Roche Inc 


ROCHE LABORATORIES 
^ Nutley, New Jersey 07110 


THERMODILUTION CARDIAC THERMODILUTION 
OUTPUT COMPUTER CATHETERS 


Injectate Lumen 


30 cm proximal —7F . 
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Thermistor 
Features: 
| Features: 

e ACCURATE cardiac outputs «e AUTOMATIC body and 

— adult and pediatric ranges injectate temperatures e Convenient and complete œ Tapered tip — pressure fidelity 
e SIMPLE pushbutton e AUTOMATIC thermal curve sterile packaging and introduction 

operation recording e Precalibrated and e Thermistor located inside J 
e ADJUSTABLE test e CHOICE of injectate volume interchangeable curve — prevents P. A. wall contact 

calibration and temperature e Adult, pediatric and direct e Balloon protection shield 

e SERVICEABLE — interchangeable circuitry placement sizes 


For Additional Information, contact Ross Linnemann 
KMA, INC. 

150 Coolidge Avenue 

Watertown, Massachusetts 01172 


In Mass. call: (617) 926-6151 





LA.R.S. 1980 
REVIEW COURSE LECTURES 


AND 
ABSTRACTS OF SCIENTIFIC PAPERS 


200-page booklet including 16 Review Course Lectures and Abstracts of 62 scientific papers 
given at the IARS 54th Congress, March 10-13, 1980. Copies available now from IARS Cleveland 
office - $5.00 per copy. 
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LA.R.S. 
3645 Warrensville Center Rd. 
Cleveland, Ohio 44122 


Enclosed is check for $ for copy(ies) of “1980 Review Course Lectures” to be sent to: 








(name) 





(Mail address) 


ee ee SED 
(City-state-zip) 
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Please write for additional information or contact 
SIEMENS-ELEMA 
Siemens-Elema Ventilator Systems 
55 Commerce Drive, Elk Grove Village, lil. 60007, Tel. (312)981 -4940 
For countries outside U.S. 
Siemens-Elema AB, Ventilator Division, S-17195 Solna, Sweden 
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CRITICAL £- 


Pharmacologic doses of corticoids have been used in 
the treatment of shock unresponsive to conventional therapy, 
if adrenocortical insufficiency exists or is suspected. 


Differences That Count 
Hexadrol’ phosphate injection is easy to handle, store and administer. Already 
in solution, it can be used directly from the vial. Hexadrol has benzyl alcohol as a 
preservative and is stable at room temperature. 

The multi-dose vial minimizes waste. When used in pharmacologic doses, Hexadrol 
offers significant savings over methylprednisolone* 


*Based on average wholesale price listings in Drug Topics Red Book 1979. Actual prices paid by direct purchasers will vary by order size but are usually lower for Hexadrol. 


exadrol Phosphate Injection 
dexamethasone sodium phosphate injection USP 


BEFORE PRESCRIBING OR ADMINISTERING, PLEASE CON- 
SULT COMPLETE PRODUCT INFORMATION, A SUMMARY OF 
WHICH FOLLOWS: 

ACTIONS—Glucocorticoids cause profound and varied metabolic 
effects. In addition, they modify the body's immune response tO s 
diverse stimuli. 

CONTRAINDICATIONS Systemic fungal infections—Hyper- 
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All corticosteroids increase calcium excretion. 
WHILE ON CORTICOSTEROID THERAPY PATIENTS SHOULD 
NOT BE VACCINATED AGAINST SMALLPOX. OTHER IMMUNI- 
ZATION PROCEDURES SHOULD NOT BE UNDERTAKEN IN 
; PATIENTS WHO ARE ON CORTICOSTEROIDS, ESPECIALLY 
IN HIGH DOSES BECAUSE OF POSSIBLE HAZARDS OF 
NEUROLOGICAL COMPLICATIONS AND LACK OF ANTI- 
BODY RESPONSE. 





sensitivity to any component. 

WARNINGS-In patients on corticosteriod therapy subjected 
to any unusual stress, increased dosage of rapidly acting cor- 
ticosteroids before, during and after the stressful situation is 


indicated. Corticosteroids may mask some signs of infection, 


and new infections may appear during their use. There may 





The use of Hexadrol Phosphate Injection (dexamethasone 
sodium phosphate injection, USP) in active tuberculosis 
should be restricted to those cases of fulminating or dis- 
seminated tuberculosis in which the corticosteroid is used 
for the management of the disease in conjunction with an 


appropriate anti-tuberculosis regimen. 

If corticosteroids are indicated in patients with latent 
tuberculosis or tuberculin reactivity, close observation is 
! necessary as reactivation of the disease may occur. During 


be decreased resistance and inability to localize infection 
when corticosteroids are used. Prolonged use of cortico- 
steroids may po posterior subcapsular cataracts and 
glaucoma with possible damage to optic nerves and may PROSPHATE 





INJECTION A : : : 
; : + prolonged corticosteroid therapy, these patients should 
soy eget mama of secondary, fungal or viral amem receive chemoprophylaxis. 
Usage In Pregnancy. Since adequate human reproduc- canon an 4 Because rare instances of anaphylactoid reactions have 


"eww;wmoyreesem  OCCUFTed in patients receiving parenteral corticoste- 
roid therapy, appropriate precautionary measures 
should be taken prior to administration, especially 

_ when the patient has a history of allergy to any drug. 


tion studies have not been done with corticosteroids, the 
use of these drugs in pregnancy, nursing mothers or 
women of childbearing potential requires that the possible 
benefits of the drug be weighed against the potential haz- 


ards to the mother and embryo or fetus. Infants born of == PRECAUTIONS—Drug-induced secondary adreno- 
mothers who have received substantial doses of corticoster- Ic ee cortical insufficiency may be minimized by gradual reduc- 
oids during pregnancy should be carefully observed for tion of dosage. This type of relative insufficiency ma 


persist for months after discontinuation of therapy; hare. 
fore, in any situation of stress occurring during that period, 
hormone therapy should be reinstituted. Since mineralocorticoid 
secretion may be impaired, salt and/or a mineralocorticoid should 
be administered concurrently. 

There is an enhanced effect of corticosteroids in patients with 
hypothyroidism and in those with cirrhosis. 

Corticosteroids should be used cautiously in patients with ocu- 
lar herpes simplex for fear of corneal perforation. 


signs of hypoadrenalism. 100 mg 
Average and large doses of cortisone or hydrocortisone can 
cause elevation of blood pressure, salt and water retention, and 
increased excretion of potassium. These effects are less likely to 
occur with the synthetic derivatives except when used in large 
doses. Patients with stressed myocardium should be observed 
carefully and the drug administered slowly since premature ven- 
tricular contractions may occur with rapid administration. Dietary 
salt restriction and potassium supplementation may be necessary. 


y 


The 
lowest possible 
dose of corticosteroid 
should be used to control the 
condition under treatment, and when 
reduction in dosage is possible, the reduction 
must be gradual. 

Psychic derangements may appear when corticosteroids 
are used ranging from euphoria, insomnia, mood swings, person- 
ality changes, and severe depression to frank psychotic manifesta- 
tions. Also, existing emotional instability or psychotic tendencies 
may be aggravated by corticosteroids. 

Aspirin should be used cautiously in conjunction with cortico- 
steroids in T span iter 

Steroids should be used with caution in nonspecific ulcerative 
colitis, if there is a probability of impending perforation, abscess or 
other pyogenic infection, also in diverticulitis, fresh intestinal anas- 
tomoses, active or latent peptic ulcer, renal insufficiency, hyperten- 
sion, osteoporosis, and myasthenia gravis. 

Growth and development of infants and children on prolonged 
corticosteroid therapy should be carefully followed. 

intra-articular injection of a corticosteroid may produce sys- 
temic as well as local effects. 

Appropriate examination of any joint fluid present is necessary 
to exclude a septic process. 

A marked increase in pain accompanied by local swelling, fur- 
ther restriction of joint motion, fever, and malaise are suggestive of 
septic arthritis. If this complication occurs and the diagnosis of 
sepsis is confirmed, approrpriate anflmicrobial therapy should be 
instituted. 

Local injection of a steroid into a previously infected joint is to 
be avoided. Corticosteroids should not be injected into unstable 
joints. 

ADVERSE REACTIONS— 

Fluid and electrolyte disturbances: Sodium retention; Fluid reten- 
tion; Congestive heart failure in susceptible patients; Potassium 
loss; Hypokalemic alkalosis; Hypertension. 

Musculoskeletal: Muscle weakness; Steroid myopathy; Loss of 
muscle mass; Osteoporosis; Vertebral compression fractures; 
Aseptic necrosis of femoral and humeral heads; Pathologic frac- 
ture of long bones. 

Gastrointestinal: Peptic ulcer with possible subsequent perfora- 
tion and hemorrhage; Pancreatis; Abdominal distention; Ulcerative 
esophagitis. 

Dermatologic: Impaired wound healing; Thin fragile skin; Pete- 
chiae and ecchymoses; Facial erythema; Increased sweating; May 
suppress reactions to skin tests. 

Neurological: Convulsions; Increased intracranial pressure with 
papilledema (pseudotumor cerebri) usually after treatment; Ver- 
tigo; Headache. 

Endocrine: Menstrual irregularities; Development of Cushingoid 













state; 
Suppresson 
of growth: in 
children; Secondary 
adrenoccctical and pituitary 

unresponsiveness, particularly in times of stress, as in trauma, 
sugery, or illness; Decreased carbohydrate tolerance; Manifesta- 
tions of lzent diabetes mellitus; Increased requirements for insulin 
or oral hyooglycemic agents in diabetics. 


Ophthalmic: Posterior subcapsular cataracts; Increased intraocu- 
lar pressure; Glaucoma; Exophthalmos. 


Metabolie: Negative nitrogen balance due to protein catabolism. 


Miscellameous: Hyperpigmentation or hypopigmentation; Subcu- 
taneous and cutaneous atrophy; Sterile abscess; Postinjection 
flare, following intra-articular use; Charcot-like arthropathy; Itch- 
ing, burning, tingling in the ano-genital region. 

DOSAGE AND ADMINISTRATION For treatment of unrespon- 
sive shocx high pharmacologic doses of this product are currently 
recommended. Reported regimens range from 1 to 6 mg/ kg of 
body weight as a single intravenous injection to 40 mg initiall 
followed by repeat intravenous injection every 2 to 6 hours while 
shock pessists. 

DOSAGE REQUIREMENTS ARE VARIABLE AND MUST BE 
INDIVIDL ALIZED ON THE BASIS OF THE DISEASE AND THE 
RESPONSE OF THE PATIENTS. 

CAUTION —Federal law prohibits dispensing without prescription. 
HOW SU?PLIED-—5-cc (4 mg/cc) multiple dose vial, NDC #0052- 
0796-05; -cc (4mg/co) vial, box of 25, NDC #0052-0796-25; 
10-cc (10mg/cc) vial (for intravenous or intramuscular use only), 
NDC #09520-0797-10; 

1-cc (4mc/cc) Prefilled Disposable Syringe (for intravenous or 
intramuscular use only) NDC #0052-0796-26. 

Hexadrol is available in two potencies, 4mg/cc and 10mg/cc in 
aqueous solution with 1% benzyl alcohol as preservative. 


When You Need it... Hexadrol Has It! 


^ 


Organon Pharmaceuticals 
A Division of Organon Inc. 
West Orange, N.J. 07052 
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Innovar; NJECTION® 


(droperidol fentanyl) 








@ Establish a foundation of 
tranquility and analgesia 
Smooth irtubation 
Minimize the need for thiopental 


@ Foster a smooth and 


uneventful intraoperative 
course 

Provide ar anesthetic baseline 
Promote cardiovascular stability 


@ Maintain a quiet 
and less troublesome 
postoperative period 
Reduce the incidence of nausea and vomiting 
Minimize the need tor postoperative analgesics 
Provide trenquilization and tolerance 
of discomfort 


Innovar’ (droperidol/fentanyl) injection (¢ 
proven by a decade of worldwide experience 





Adequate analgesia with 


at ublimaze INJECTION® 


fentanyl) 


an help suppress 
surgical stress 


2.0 ml INNOVAR” 3.0 ml SUBLIMAZE" 1.0 ml SUBLIMAZE' = 





8:00 $:45 3:30 





Administered following induction, 3-5 ml 

of SUBLIMAZE® (fentanyl) injection € will: 

8 provide profound analgesia 

8 minimize catecholamine release 

E lay a foundation for a smooth 
intraoperative course 


Used as needed during surgery, 
SUBLIMAZE?® offers controllable analgesia: 
E rapid onset 

8 short duration of action* 

8 rapid reversibility by 


narcotic antagonists* 
8 analgesic action carries over into 
postoperative period* 
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“The respiratory depressant effect of Sublimaze* (fentanyl) injection (7 
may last longer than the analgesic effect. 


P™ase see Presi ribing Information on following pages 














1.0 ml SUBLIMAZE" x 
5) JANSSEN PHARMACEUTICA INC. 
501 George Street, New Brunswick, N. J. 08903 
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Innovar* Injection € a 


FOR INTRAVENOUS OR INTRAMUSCULAR USE ONLY 


The two components of INNOVAR injection, fentanyl and droperidol, have different pharmacologic 
actions. Before administering INNOVAR injection, the user should familiarize himself with the 


special properties of each drug. particularly the widely differing durations of action. 





DESCRIPTION: Each ml. contains (in a 1:50 ratio) 
Fentanyl i.a UE MER CoN SD a E 0.05 mg. 
as the citrate 

Warning: May be habit torming 
Droperidol ........... EUR UN er ee MMC DNE CER RETE 2.5 mg. 
Lactic acid for adjustment of pH to 3.5 + 0.3 
ACTIONS: INNOVAR injection is a combination drug containing a narcotic analgesic. fentanyl, and a 
neuroleptic (major tranquilizer}, droperidol. The combined effect. sometimes referred to as neurolep- 
tanalgesia, is characterized by general quiescence, reduced motor activity, and profound analgesia; 
complete loss of consciousness usually dees not occur from use of INNOVAR injection alone. The 
incidence of early postoperative pain and emesis may be reduced. 
A. Fentanyl is a narcotic analgesic with actions qualitatively similar to those of morphine and meperi- 
dine. Fentanyl in a dose of 0.1 mg, (2.0 ml ) is approximately equivalent in analgesic activity to 10 mg. 
of morphine or 75 mg. of meperidine. The principal actions of therapeutic value are analgesia and seda- 
tion. Alterations in respiratory rate and alveolar ventilation. associated with narcotic analgesics. may last 
longer than the analgesic effect. As the dose of narcotic is increased, the decrease in pulmonary exchange 
becomes greater. Large doses may produce apnea. Fentanyl appears to have less emetic activity than 
other narcotic analgesics. Histamine assays. and skin wheal testing in man, as well as 5r vive testing in 
dogs indicate that histamine release rarely occurs with fentany!. 
Fentanyl may cause muscle rigidity, particularly involving the muscles of respiration. ft may also produce 
other signs and symptoms characteristic of aarcotic analgesics including euphoria. miosis, bradycardia, 
and bronchoconstriction. 
The onset of action of fentanyl is almost immediate when the drug is given intravenously, however, max- 
imal analgesic and respiratory depressant effect may aot be noted for several minutes. The usual duration 
of action of the analgesic effect is 30 to 60 minutes after a single L V. dose of up to Q.f mg. Following 
intramuscular administration, the onset of action is from seven to eight minutes, and the duration of 
action is from one to two hours. 
As with longer-acting narcotic analgesics, the duration of the respiratory depressant effect of 
SUBLIMAZE (fentanyl) may be longer thaa the analgesic effect. The following observations have been 
reported concerning altered respiratory response to CO: stimulation following administration of fentanyl 
to man: 
i. DIMINISHED SENSITIVITY TO CO: STIMULATION MAY PERSIST LONGER THAN 
DEPRESSION OF RESPIRATORY RATE. Fentanyl frequently slows the respiratory rate but this effect 
is seldom noted for over 30 minutes regardless of the dose administered. 
2. Duration and degree of respiratory depression is dose related. 
3. The peak respiratory depressant effect of a single intravenous dose of fentanyl is noted 5 to 15 minutes 
following injection. 
4. Altered sensitivity to COs stimulation has been demonstrated for up to four hours following a single 
intravenous dose of 0.6 mg. (12 ml.) fentanyl to healthy volunteers, 
See also WARNINGS and PRECAUTIONS concerning respiratory depression. 
B. Droperidol produces marked tranquilization and sedation. It also produces an antiemetic effect as 
evidenced by the antagonism of apomorphine in dogs. H potentiates other CNS depressants. It also 
produces mild alpha-adrenergic blockade. peripheral vascular dilatation and reduction of the pressor 
effect of epinephrine. Droperidol can produce hypotension and decreased peripheral vascular resistance. 
ht may decrease pulmonary arterial pressure (particularly if it is abnormally high). it may reduce the 
incidence of epinephrine-induced arrhythmias but it does not prevent other cardiac arrhythmias. The 
onset of action is from three to ten minutes following intravenous or intramuscular administration. The 
full effect, however, may not be apparent fer 30 minutes. The duration of the sedative and tranquilizing 
effects generally is two to four hours. Alteration of consciousness may persist as long as F2 hours. This is 
in contrast to the much shorter duration of fentanyl. 
INDICATIONS: INNOVAR injection is indicated to produce tranquilization and analgesia for surgical 
and diagnostic procedures. H may be used as an anesthetic premedication, for the induction of anesthesia, 
and as an adjunct in the maintenance of general and regional anesthesia. If the supplementation of 
analgesia is necessary, SUBLIMAZE® (fenianyl) injection alone rather than the combination drug 
INNOVAR injection. should usually be used: see Dosage and Administration Section. 
CONTRAINDICATIONS: INNOVAR injection is contraindicated in patients with known intolerance 
to either component. 
WARNINGS: AS WITH OTHER CNS DEPRESSANTS, PATIENTS WHO HAVE RECEIVED 
INNOVAR INJECTION SHOULD HAVE APPROPRIATE SURVEILLANCE. RESUSCITATIVE 
EQUIPMENT AND A NARCOTIC ANTAGONIST SHOULD BE READILY AVAILABLE TO MAN- 
AGE APNEA, 
See also discussion of narcotic antagonists in PRECAUTIONS and OVERDOSAGE. 
FLUIDS AND OTHER COUNTERMEASURES TO MANAGE HYPOTENSION SHOULD ALSO BE 
AVAILABLE. 
The respiratory depressant effect of narcotics persists longer than the measured analgesic effect. When 
used witht INNOVAR injection, the total dose of all narcotic analgesics administered should he consid- 
ered by the practitioner before ordering nascolic analgesics during recovery from anesthesia. lt is rec- 
ommended that narcotics, when required, be used in reduced doses initially, as dew us ta na Yr those 
usually recommended. 
INNOVAR injection may cause muscle rigidity. particularly involving the muscles of respiration. This 
effect is due to the fentans! component and is related to the speed of injection. Hs incidence can be 


reduced by the use of slow intravenous injection. Once the effect occurs. i is managed by the use of 


assisted or controlled respiration and, if necessary, by a neuromuscular blocking agent compatible with 
the patients condition, 

Drug Dependence: Fentanyl, the narcotic analgesic component, can produce drag dependence of the 
morphine type and therefore has the potential for being abused. 

Severe and unpredictable potentiation bv» MAO inhibitors has been reported with narcotic analgesics. 
Since the safety of fentanyl in this regard has not been established. the use of INNOVAR injection or 
SUBLIMAZE (fentanyD in patients who have received MAO inhibitors within 14 days is not recom- 
mended. 

Head injuries and Increased intracranial Pressure: INNOVAR injection should be used with caution in 
patients who may be particularly susceptible to respiratory depression such as comatose patients who 
may have a head injury or brain tumor. In addition. INNOVAR injection may obscure the clinical course 
of patients with head injury. 

Usage in Children: The safety of INNOVAR injection m children younger than two years of age has not 
been established, 

Usage in Pregnancy: The safe use of INNOVAR injection has not been established with respect to possi- 
ble adverse effects upon fetal development. Therefore, it should be used in women of childbearing poten- 
tial only when, in the judgment of the physician, the potential benefits outweigh the possible hazards. 
There are insufficient data regarding placental transfer and fetal effects; therefore. safety for the infant in 
obstetrics has not been established. 

PRECAUTIONS: The initial dose of IN NOVAR injection should be appropriately reduced in elderly, 
debilitated and other poor-risk patients. The effect of the initial dose should be considered in determining 
incremental doses. 
Certain forms of conduction anesthesia, such as spinal anesthesia and some peridural anesthetics, can 
alter respiration by blocking intercostal nerves. and can cause peripheral vasodilation and hypotension 
because of sympathetic blockade. Through other mechanisms (see Actions). fentanyl and droperidoi also 
depress respiration and blood pressure. Therefore, when INNOVAR injection is used to supplement these 
forms of anesthesia. the anesthetist must be familiar with the physiological alterations involved, and be 
prepared to manage them in the patients selected for this form of anesthesia. 

if hypotension occurs, the possibility of hypovolemia should be considered and managed with appropri- 
ate parenteral fluid therapy. Repositioning the patient to improve venous return to the heart should he 
considered when operative conditions permit. it should be noted that in spinal and peridural anesthesia, 
tilting the patient into a head down position may result in a higher level of anesthesia than is desirable, as 
well as impair venous return to the heart. Care should be exercised in the moving and positioning of 
patients because of a possibility of orthostatic hypotension. If volume expansion with fluids plus these 
other countermeasures do not correct the hypotension, then the administration of pressor agents other 
than epinephrine should be considered. Epinephrine may paradoxically decrease the blood pressure in 
patients treated with INNOVAR injection due to the alpha-adrenergic blocking action of droperidol. 





The droperidol component of INNOVAR injection may decrease pulmonary arterial pressure. This fact 
should be considered by those who conduct diagnostic or surgical procedures where interpretation of pul- 
monary arteríal pressure measurements might determine final management of the patient. 

Vital signs should be monitored routinely. 

INNOVAR injection. and SUBLIMAZE (fentanyl), should be used with caution in patients with chronic 

obstructive pulmonary disease. patients with decreased respiratory reserve, and others with potentially 
compromised ventilation. In such patients narcotics may additionally decrease respiratory drive and 
increase airway resistance. During anesthesia this can be managed by assisted or controlled respiration: 
Postoperative respiratory depression caused by narcotic analgesics can be reversed by narcotic antago- 
nists, Appropriate surveillance should be maintained because the duration of respiratory depression of 
doses of fentanyl (as SUBLIMAZE {fentanyl} or INNOVAR) employed during anesthesia may be longer 
than the duration of the narcotic antagonist action. Consult individual prescribing information (levallor- 
phan. nalorphine and nalaxone} before employing narcotic antagonists. 

Should respiration be compromised by muscle rigidity, assisted or controlled respiration and possibly a 
neuromuscular blocking agent will be required. The occurrence of muscle rigidity is related to the speed 
of intravenous injection and the incidence can be reduced by slow intravenous injection. 

Other CNS depressant drugs (e.g. barbiturates, tranquilizers, narcotics, and general anesthetics) have 
additive or potentiating effects with INNOVAR injection. When patients have received such drugs, the 
dose of INNOVAR injection required will be less than usual. Likewise. following the administration of 
INNOVAR injection, the dose of other CNS depressant drugs should be reduced. 

INNOVAR injectior should be administered with caution to patients with liver and kidney dysfunction 
because of the importance of these organs in the metabolism and excretion of drugs. 

The fentanyl component may produce bradycardia, which may be treated with atropine. however, 
INNOVAR injection should be used with caution in patients with cardiac bradyarrhythmias. 

When the EEG is used for postoperative monitoring, it may be found that the EEG pattern returns to nor- 
mal slowly. 

ADVERSE REACTIONS: The most common serious adverse reactions reported to occur with 
INNOVAR injection are respiratory depression, apnea. muscular rigidity. and hypotension; if these 
remain untreated, respiratory arrest. circulatory depression or cardiac arrest could occur. 

Extrapyramidal symptoms (dystonia, akathisia, and oculogyr crisis) have been observed following 
administration of INNOVAR injection. Restlessness, hyperactivity and anxiety which can be either the 
result of inadequate tranquilization or part of the symptom complex of akathisia may occur. When 
extrapyramidal symptoms occur, they can usually be controlled with anti-Parkinson agents. 

Ele vated blood pressure, with and without preexisting hypertension, has been reported following admin- 
istration of INNOVAR injection. This might be due to unexplained alterations of sympathetic activity fol- 
lowing large doses; however, it is also frequently attributed to anesthetic or surgical stimulation during 
light anesthesia. 

Other adverse reactions that have been reported are dizziness, chills and/or shivering. twitching, blurred 
vision, laryngospasm, bronchospasm. bradycardia, tachycardia, nausea and emesis, diaphoresis. 
emergence delirium, and postoperative hallucinatory episodes (sometimes associated with transient 
periods of mental depression. 

Postoperative drowsiness is also frequently reported. 

DOSAGE AND ADMINISTRATION: Dosage should be individualized. Some of the factors to be con- 
sidered in determining dose are age, body weight, physical status, underlying pathological condition, use 
of other drugs, the type of anesthesia to be used, and the surgical procedure involved. 

Vital signs should be monitored routinely. 

Most patients who have received INNOVAR injection do not require narcotic analgesics during the 
immediate postoperative period. It is recommended that narcotic analgesics, when required, be used ini- 

tially in reduced doses, as low as 'à to !^ those usually recommended. 

Usual Adult Dosage: 

|. Premedicatian-—tto be appropriately modified in the elderly, debilitated. and those who have received 
other depressant drugsi—0.5 to 2.0 ml. may be administered intramusculariy 45 to 60 minutes prior to 
surgery with or without atropine. 

Ho Adiuner to General Anesthesia -Induction--1 ml. per 20 to 25 pounds of body weight may be 

administered slowly intravenously, Smaller doses may be adequate. 

The total amount of INNOVAR injection adminisiered should be carefully titrided to obtain the desired 

effect hased on the individual patient's response, 

There are several methods of administration of INNOVAR injection for induction of anesthesia. 

A, Intravenous injection— To. allow for the variable needs of patients INNOVAR injection may be 

administered intravenously in fractional pats of the calculated dose. With the onset of somnolence, the 
general anesthetic may be administered. 

B. Intravenous drip-—12 mi. of INNOVAR injection are added to 250 mb. of 3% dextrose in water and 

the drip given rapidly until the onset of somnolence. At that time, the drip may be either slowed or 
stopped and the general anesthetic administered. 

Maintenance—INNOVAR injection is not indicated as the sole agent for the maintenance of surgical 
anesthesia. [t is customarily used in combination with other measures such as nitrous oxide-oxygen. 

other inhalation anesthetics, and/or topical or regional anesthesia. 

To prevent the possibility of excessive accumulation of the relatively long-acting droperidol component, 

SUBLIMAZE (fentanyl) alone should be used in increments of 0.025 to 0.05 mg, (0,5 to 1.0 mb) for the 

maintenance of analgesia in patients initially given INNOVAR injection as an adjunct to general anesthe- 
sia. (See SUBLIMAZE ifentanyli package insert for additional prescribing information.) However, is 
prolonged operations, additional 0.5 to 1,0 ml. amounts of INNOVAR injection may be administered 
with caution intravenously if changes in the patient s condition indicate lightening of tranquilization and 
analgesia. 

HE Use Without a General Anesthetic in Diagnostic Procedures —Administer the usual LM. premedica- 

tion (0.5 to 2.0 mL) 45 to 60 minutes before the procedure. To prevent the possibility of excessive 

accumulation of the relatively long-acting droperidol component, SUBLIMAZE (femanyl) alone should 
be used in increments ef 0.025 to 0.05 mg. (0,5 to LO ml.) for the maintenance of analgesia in patients 
initially given INNOVAR injection. (See SUBLIMAZE (fentanyl) package insert for additional informa- 

tion). However, in prolonged operations, additional 0.5 to 1.0 ml. amounts of INNOVAR injection may 
be administered with caution intravenously if changes in the patient's condition indicate lightening of 
tranguilization and analgesia. 

Note: When INNOVAR injection is used in certain procedures such as bronchoscopy. appropriate topical 
anesthesia is still necessary. e 

IV. Adjunct to Regional Anesthesia —1 to 2 ml. may be administered intramuscularly or slowly 

intravenously when additional sedation and analgesia are required. 

Usual Children's Dosage: 

|. Premedication--0.23 ml. per 20 lbs. body weight administered intramusculariy 45 to 60 minutes prior 
to surgery with or without atropine. 

H. Adjunct te General Anesthesia —The total combined dose for induction and maintenance averages 0.5 

ml. per 20 Ibs. body weight. Following induction with INNOVAR injection, SUBLIMAZE (fentanyl) 
alone in a dose of 4 to '& that recommended in the adult dosage section should usually be used when 
indicated to avoid the possibility of excessive accumulation of droperidol. However. in prolonged opera- 

tions, additional increments of INNOVAR injection may be administered with caution when changes in 
the patient s condition indicate lightening of tranquilization and analgesia. 

See Warnings and Precautions for use of INNOVAR injection with other CNS depressants. and im 
patients with altered response. 

OVERDOSAGE: Manifestations: The manifestations of INNOVAR injection overdosage are an exten 
sion of its pharmacologic actions. 

Treatment: in the presence of hypoventilation or apnea, oxygen should be administered and respiration 
should be assisted or controlled as indicated. A patent airway must be maintained; an oropharyngeal 
airway or endotracheal tube might be indicated. If depressed respiration ts associated with muscular 
rigidity an intravenous neuromuscular blocking agent might be required to facilitate assisted or com- 
voled respiration, The patient should be carefully observed for 24 hours; body warmth and adequate 
fluid intake should be maintained, if hypotension occurs and is severe or persists, the possibility of 
hypovolemia should be considered and managed with appropriate parenteral fluid therapy. A specific nar- 
cotic antagonist such as nalorphine, levallorphan or naloxone should be available for ase as indicated to 
manage respiratory depression caused by the narcotic component fentanyl. This does not preclude the use 
of more immediate counter-measures, The duration of respiratory depression following overdose of fen- 
tany! may be longer than the duration of narcotic antagonist action. Consult the package inserts of the 
individual narcotic antagonists for details about use. 

HOW SUPPLIED: INNOVAR? injection is supplied in 2 ml. and $ ml. ampuls. in packages of 10. 

L.S. Patent No. 3, 141,823 Rev. LRO 




















Sublimazd (fentanyl) injection Gp 


DESCRIPTION: Each ml. contains: 

Ru cise E 0.05 mg. 

asthe citrate 

Warning: May be habit forming. 

Scdium hydroxide for adjustment of pH to 4.0-7.5. 

FOR INTRAVENOUS OR INTRAMUSCULAR USE ONLY 

ACTIONS: SUBLIMAZE (fentanyl) is a narcotic analgesic with actions qualitatively similar to those of 

B morphine and meperidine, SUBLIMAZE (fentanyl) in a dose of 0.1 mg. (2.0 ml.) is approximately 

equivalent i in analgesic activity to 10 mg. of morphine or 75 mg. of meperidine. The principal actions of 

therapeutic value are analgesia and sedation. Alterations in respiratory rate and alveolar ventilation. 
associated with narcotic analgesics, may last longer than the analgesic effect. As the dose of narcotic is 
increased, the decrease in pulmonary exchange becomes greater. Large doses may produce apnea. 

SUBLIMAZE (fentanyl) appears to have less emetic activity than other narcotic analgesics. Histamine 

assays and skin wheal testing in man, as well as in i vivo testing in dogs, indicate that histamine release 

rarely occurs with SUBLIMAZE (fentanyl). 

SUBLIMAZE (fentanyl) may cause muscle rigidity. particularly involving the muscles of respiration. it 

may also produce other signs and symptoms characteristic of narcotic analgesics including euphoria, 

miosis, bradycardia, and bronchoconstriction. 

The onset of action of SUBLIMAZE (fentanyl) is almost immediate when the drug is given intraven- 

ously; however, the maximal analgesic and respiratory depressant effect may not be noted for several 

minutes. The usual duration of action of the analgesic effect is 30 to 60 minutes after a single LV. dose of 
up to 0.1 mg. Following intramuscular administration, the onset of action is from seven to eight minutes. 

and the duration of action is one to two hours. As with longer acting narcotic analgesics. the duration of 
the respiratory depressant effect of SUBLIMAZE (fentanyl) may be longer than the analgesic effect. The 
following observations have been reported concerning altered respiratory response to CO: stimulation 
following administration of fentanyl to man: 

1: DIMINISHED SENSITIVITY TO CO: STIMULATION MAY PERSIST LONGER THAN 

DEPRESSION OF RESPIRATORY RATE. Fentanyl frequently slows the respiratory rate, but this 

effect is seldom noted for over 30 minutes regardless of the dose administered. 

2. Duration and degree of respiratory depression is dose related. 

3. The peak respiratory depressant effect of a single intravenous dose of fentanyl is noted $ to 15 minutes 

following i injection. 

4. Altered sensitivity to COs stimulation has been demonstrated for up to four hours following a single 

intravenous dose of 0.6 mg. (12 ml.) fentanyl to healthy volunteers. 

See also WARNINGS and PRECAUTIONS concerning respiratory depression. 

INDICATIONS: SUBLIMAZE (fentanyb is indicated: 

-for analgesic action of short duration during the anesthetic periods, premedication, induction. and 
maintenance, and in the immediate post-operative period (recovery room) as the need arises. 

—for use as a narcotic analgesic supplement in general or regional anesthesia. 

—for administration with a seuroleptic such as INAPSINE® (droperidol) injection as an anesthetic 
‘premedication, for the induction of anesthesia and as an adjunct in the maintenance of general and 
regional anesthesia. 

CONTRAINDICATIONS: SUBLIMAZE (feütanyl) is contraindicated in patients with known intoler- 

ance to the drug. 

WARNINGS: AS WITH OTHER CNS DEPRESSANTS, PATIENTS WHO HAVE RECEIVED 

SUBLIMAZE (FENTANYL) SHOULD HAVE APPROPRIATE SURVEILLANCE. RESUSCITA- 

TEVE EQUIPMENT AND A NARCOTIC ANTAGONIST SHOULD BE READILY AVAILABLE TO 

MANAGE APNEA. 

See also discussion of narcotic antagonists in Precautions and Overdosage. 

If SUBLIMAZE (fentanyl) is administered with a tranquilizer such as /NAPSINE (droperidol). the user 

should familiarize himself with the special properties of each drug. particularly the widely differing dura- 

tions of action. In addition. when such a combination is used fluids and other countermeasures to 
metrage hvpotension should be available. 

As with other potent narcotics, the respiratory depressant effect of SUBLIMAZE {fentanyl} persists 

longer than the measured anaigesic effect. The total dose of all narcotic analgesics administered should 

be considered by the practitioner hefore ordering narcotic unalgestes during recoverv from anesthesia. 
iris recommended that narcotics, when required. should be used in reduced doses initially, as low as tA 
ur VA those. usually recommended. SUBLIMAZE ifentanyl) may cause muscle rigidity, particularly 
involving the muscles of respiration. The effect is related to the speed of injection and its incidence can 
be reduced by the use of slow intravenous injection. Once the effect occurs. it is managed by the use of 
assisted or controlled respiration and. if necessary. by a neuromuscular blocking agent compatible with 
the patient's condition, 

Drug Dependence: SUBLIMAZE ifentanyl) can produce drug dependence of the morphine type and 

therefore has the potential for being abused. 

Severe and unpredictable potentiation by MAO inhibitors has been reported with narcotic analgesics. 

Since the safety of fentanyl in this regard has not been established, the use of SUBLIMAZE (fentanyl) in 

patients who have received MAO inhibitors within 14 days is not recommended. 

Head Injuries and Increased Intracranial Pressure: SUBLIMAZE (fentany!) should be used with cau- 

tion in patients who may be particularly susceptible to respiratory depresston, such as comatose patients 

who may have a head injury or brain tumor. In addition, SUBLIMAZE (fentanyl) may obscure the 
clinical course of patients with head injury. 

Usage in Children: The safety of SUBLIMAZE (fentanyl) in children younger than two years of age has 

not been established. 

Usage in Pregnancy: The safe use of SUBLIMAZE (fentanyl) has not been established with respect to 

possible adverse effects upon fetal development. Therefore, it should be used in women of childbearing 

potential only when, in the judgment of the physician, the potential benefits outweigh the possible haz- 
anis. There are insufficient data regarding placental transfer and fetal effects; therefore. safety for the 

infant in obstetrics has not been established. 
PRECAUTIONS: The initial dose of SUBLIMAZE (fentanyl should be appropriately reduced in 
elderls, debilitated and other poor-risk patients. The effect of the initial dose should be considered in 
determining incremental dases. 
Certain forms of conduction anesthesia, such as spinal anesthesia and some peridural anesthetics. can 
alter respiration by blocking intercostal nerves. Through other mechanisms (see Actions) SUBLIMAZE 
(fentanyl) can also alter respiration. Therefore, when SUBLIMAZE (fentanyl) is used to supplement 
these forms of anesthesia, the anesthetist should be familiar with the physiological alterations involved. 
and be prepared to manage them in the patients sel@cted for these forms of anesthesia. When used with a 
tranquilizer such as /NAPS/NE idroperidol). blood pressure may be altered and hypotension can occur. 
Vital signs should be monitored routinely. 
SUBLIMAZE (fentanyl) should be used with caution in patients with chronic obstructive pulmonary 
disease, patients. with decreased respiratory reserve, and others with potentially compromised respira- 
tion. In such patients, narcotics may additionally decrease respiratory drive and increase airway resis- 
tance. During anesthesia. this can be managed by assisted or controlled respiration. Respiratory 
depression caused by narcotic analgesics cai be reversed by narcotic antagonists. Appropriate sur- 
véllance should be maintained because the duration of respiratory depression of doses of fentanyl 
employed during anesthesia may be longer than the duration of the narcotic antagonist action. Consult 
individual prescribing information (levallorphan, nalorphine and naloxone) before employing narcotic 
antagonists. 

When a tranquilizer such as /N APSINE (droperidoD is used with SUBLIMAZE (fentanyl). pulmonary 

arterial pressure may be decreased. This fact should be considered by those who conduct diagnostic and 

surgical procedures where interpretation of pulmonary arterial pressure measurements might determine 
final management of the patient. 

Other CNS depressant drugs (e.g. barbiturates, tranquilizers. narcotics, and general anesthetics) will 

have additive or potentiating effects with SUBLIMAZE (fentanyl). When patients have received such 

drugs. the dose of SUBLIMAZE (fentanyl) required will be less than usual. Likewise. following the 
administration of SUBLIMAZE (fentanyl), the dose of other CNS depressant drugs should be reduced. 


SUBLIMAZE (fentanyl) should be administered with caution to patients with liver and kidney dysfunc- 

tian because of the importance of these organs in the metabolism and excretion of drugs. 

SUBLIMAZE (fentanyl) may produce bradycardia. which may be treated with atropine. however, 

SUBLIMAZE (fentanyD should be used with caution in patients with cardiac bradyarrhythmias. 

When SUBLIMAZE Uentany!) is used with a tranquilizer such as /NAPSINE (droperidol), hypotension 

can occur. If this occurs, the possibility of hypovolemia should be considered and managed with appro- 

priate parenteral fluid therapy. Repositioning the patient to improve venous return to the heart should be 

considered when operative conditions permit. Care should be exercised in moving and positioning of 

patients because of the possibility of orthostatic hypotension. If volume expansion with fluids plus other 
countermeasures do not correct hypotension. the administration of pressor agents other than epinephrine 









should be considered. Because of the alpha-adrenergic blocking action of. INAPSID VE (dr 
epinephrine may paradoxically decrease the blood pressure in patients treated with f NAPSINE dropen 
dol). When :NAPSINE (droperidol) is used with SUBLIMAZE (fentanyl) and the. FEQ is use f 
operative FNMHOnia a it may be found that the EEG pattern retums to normal siowly. l 


tions reporiell u to occur with SUBLIMAZE (fentanyl) are respiratory depressi on, apnea, muscular aie ode 
ity, and bradécardia; if these remain untreated, respiratory arrest, circulatory cepression or cardiac amest ^. 
could occur ZOther adverse reactions that have been reported are hypotension, dizziness, blurred sie mo 
nausea, emesis, laryngospasm, and diaphoresis. EIN 
When a transuilizer such as /NAPSINE (droperidol) is used with SUBLIMAZE (fentanyl), the following gee 
adverse reactions can occur: chills and/or shivering, restlessness, and postoperative. hallucinatory. ape 
sodes (somecimes associated with transient periods of mental depression); extrapyramidal symptoms >- 
(dystonia, axathisia, and oculogyric crisis) have been observed up to 24 hours postoperatively. When — 
they occur, «xtrapyramidal symptoms can usually be controlled with anti-parkinson agents. Postopera- 

tive drowsiness is also frequently reported following the use of /N APSINE tdrsperidol). 

Elevated blood pressure, with and without preexisting hypertension, has been reported following 
administration of SUBLIMAZE (fentanyl) combined with INAPSINE (droperidol). This might be due to 
unexplainedkalterations in sympathetic activity following large doses; however, it is also frequently 
attributed tosanesthetic and surgical stimulation during light anesthesia. 

DOSAGE AND ADMINISTRATION: Dosage should be individualized. Some of the factors to be con- 
sidered in desermining the dose are age, body weight, physical status, underlying pathological condition, 
use of other «rugs, type of anesthesia to be used, and the surgical procedure involved. 

Vital signs ssould be monitored routinely. 

Usual Adulfosage: ES. ae! 

|. Premedicsaion (to be appropriately modified in the elderly, debilitated, and those who have rece ived ee 

other depressant drugs)—0.05 to 0.1 mg. (1 to 2 ml.) may be administerec intramuscularly 30 to 50. .; : 
minutes pric”: to surgery. B B 
Hl. Adjunct t General Anesthesia Induction —0.05 to 0.1 mg. (1 to 2 ml.) may be administered initially 
intravenous: and may be repeated at 2 10 3 minute intervals until desired effect is achieved. A reduced do. 
dose as low :s 0.025 to 0.05 mg. (0.5 to | mL.) is recommended in elderly and poor-risk patients, © 00 
Maintenanc: —0.025 to 0.05 mg. (0.5 to 1 ml.) may be administered intravenously or intramuscularly ae 
when movement and/or changes in vital signs indicate surgical stress or lightening of analgesia. Pw 











lf IN NOVA ^* injection is administered in addition to SUBLIMAZE (fentawyl), the calculation of: the of 
recommended dose of SUBLIMAZE (fentany!} should include the fentanyl! contained in the INNOVAR i 


injection. Se: AN NO VAR injection Package Insert for full prescribing information. 
HE Adjunct « Regional Anesthesia—0.05 to 0.1 mg. (1 to 2 mL.) may be administered: intramuscularly 
or slowly in-cavenously when additional analgesia is required. 

IV. Postoperatively (recovery room) —0.05 to 0.1 mg. (1 to 2 ml.) may be administered intramuscularly 
for the contee! of pain, tachypnea and emergence delirium. The dose may be repeated in one to two hours 
as needed. 

Usual Chilasen's Dosage: For induction and maintenance in children two 1042 years of age, a reduced. 
dose as low -s 0.02 to 0.03 mg. (0.4 to 0.6 ml.) per 20 to 23 pounds is recommended. See Warnings and 
Precautions sor use of SUBLIMAZE (fentanyl) with other CNS depressants, and in patients with altered 
response. l 
OVERDOSAGE: Manifestations: The manifestations of SUBLIMAZE (fentanyl) overdosage are an 
extension ofits pharmacologic actions. E 
Treatment: on the presence of hypoventilation or apnea, oxygen should be administered and respiration 
should be amsisted or controlled as indicated. A patent airway must be ma: ntained; an oropharyngeal 
airway or esdotracheal tube might be indicated. Hf depressed respiration is associated with museülar 
rigidity, an ravenous neuromuscular blocking agent might be required to-facilitate assisted or com- 
trolled respi&ition. The patient should be carefully observed for 24 hours; body warmth and adequate 
fluid intake should be maintained. If hypotension occurs and is severe or persists, the possibility of 
hypovolemi: should be considered and managed with appropriate parenteral fuid therapy. A specific nar- 
cotic antagesist such as nalorphine, levallorphan, or naloxone should be avaiable for va as indicated to 
manage resgeratory depression. This does not preclude the use of more immediate countermeasures. The 
duration of <espiratory depression following overdosage of fentanyl may be tonger than the duration of © 
narcotic antzgonist action. Consult the package insert of the individual narcotic antagonists for details 
about use. 
HOW SUP2LIED: 2 mL. and 3 ml. ampuls— packages of 10. 
U.S. Patent «o. 3,164,600 
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JICKLY BECOMING THE DRUG OF CHOICE FO 
:VERSING PROLONGED SOMNOLENC 
ELIRIUM AND OTHER ANTICHOLINE 
IDE EFFECTS. 


More Anesthesiologists are relying on ANTILIRIUM because... 


.* Patients are revived in minutes after I.V. administration. 
everses anticholinergic side effects. 













ANTILIRIUM CROSSES 
THE BLOOD BRAIN BARRIER 
WHEREAS NEOSTIGMINE DOES NOT 





ANTILIRIUM, unlike other anticholinesters including 
A neostigmine does not have a quaternary nitrogen atom, but 
has a tertiary amine. For this reason it is nonionized and rapidly 
crosses the blood brain barrier. 
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DESCRIPTION: ANTILI 






RIUM Injection iphysostigmine salicylate) 


M e i$ OJF's brand ot physostigmine salicylate. 
SO ANTILIRIUM INJECTION 1 mg/m. 


> FOR INTRAMUSCULAR OR INTRAVENOUS USE 


Cci Each mi contains; - 


ze ms PHYSOSTIGMINE SALICYL ATE Q1 mg 
| Ina vehicle composed of Sodium Bisulfite O.1 95, Benzyl Alcoho! 
.. 2,096; in water for injection q.s. 


x ACTION: ANTILIRIUM (physostigmine shlicylate) is a salicylic 


— acid derivative of an alkaloid extracted from seeds of Physostigma 
/ Menenosum (calabar bean). The action of the parasympathetic 
. nerves is intermediated by the formation of acetylcholine at the 
peripheral end. of these nerves. The action of acetylcholine is 
- mormally very: fleeting because of its hydrolysis by a specific 

enzyme. Physostigmine inhibits the destructive action of cho- 
imesterase and thereby prolongs and exaggerates the effect of 
the acetylcholine, The changes in body function which are 
produced by the injection of physostigmine are, therefore, very 
similar to those which would occur from simultaneous stimulation 
of the parasympathetic nerves and include contraction of the 
pupil. increased tonus of the intestina! musculature, constriction 
of the bronchi and stimulation of secretion of the salivary and 
sweat glands. 


Physostigmine contains a tertiary amine and easily crosses the 
blood brain barrier, while neostiqmine contains a quarternary 
amine and is not capable of crossing the structure. This may 
explain why neostigmine does not cause reversal of anticholinergic: 
induced delirium while physostigmine does 


Drugs with anticholinergic properties primarily antagonize acetyl- 
choline competitively at the neuroreceptor site. Cardiac muscle, 
exocrine glands, and smooth muscle are most markedly affected 
Action of the inhibitors is overcome by increasing the level of 
acetylcholine naturally generated in the body through inhibiting 
the enzyme (cholinesterase) which normally prevents accumula: 
tion of excess acetylcholine. It does this by hydrolyzing that 
compound to inactive acetic acid and choline. Agents which 
inhibit this enzyme, so that acetylcholine accumulates at the 
neuroreceptor sites, are called anticholinesterases. 


Physostigmine, one of the anticholine esterases which is a tertiary 
amine, crosses into the central nervous system and can reverse 
both central and peripheral anticholinergic actions. 


The anticholinergic syndrome has both central and peripheral 
signs and symptoms. Central toxic effects include anxiety, de- 
irum, disorientation, hallucinations. hyperactivity, and seizures. 
Severe poisoning may produce coma, medullary paralysis, and 
death. Peripheral toxicity is characterized by tachycardia. hyper- 
pyrexia, mydriasis, vasodilatation, urinary retention, diminution 
of gastrointestinal motility, decrease of secretion in salivary and 
sweat glands, and loss of secretions io the pharynx, bronchi. 
and nasal passages. 


Some drugs in the anticholinergic group, such as imipramine 
and related tricyclics also produce additional toxic effects such 
as cardiac arrhythmias which can be reversed by physostigmine 


Dramatic reversal within minutes of coma, hallucinatións, and 
other signs can be expected if the diagnosis is correct and the 
patient has not suffered anoxia or other insult. Toxic effects 
from mixed drug ingestions and combination preparations such 
as amitriptyline and perphenazine may respond less dramatically 
Since physostigmine is rapidly metabolized, therapeutic doses 
may be necessary at intervals as life-threatening signs such as 
arrhythmias, convulsions, and deep coma recur. Physostigmine 
is destroyed in the body in 60 to 120 minutes. 


INDICATIONS: TO REVERSE THE TOXIC EFFECTS UPON 
THE CENTRAL NERVOUS SYSTEM CAUSED BY DRUGS 
IN CLINICAL OR TOXIC DOSAGES CAPABLE OF PRO- 
DUCING ANTICHOLINERGIC POISONING. 


lt has also been reported that ANTILIRIUM (physostigmine sabcylate} 


may antagonize the CNS depressant effects of diazepam 


CONTRAINDICATIONS: Physostigmine salicylate injections 
should not be used in the presence of asthma, gangrene. diabetes, 
cardiovascular disease, mechanical obstruction of the intestines 
or urogenital tract or any vagotonic state, and in patients re- 
ceiving choline esters or depolarizing neuromuscular blocking 
agents (decamethonium, succinylcholine]. 


WARNING: If excessive symptoms of salivation, emesis. urina- 
tion and defecation occur, the use of ANTILIRIUM should be 
terminated. ff excessive sweating or nausea occur, the dosage 
should be reduced. 


intravenous administration should be at a slow, controlled rate, 
no more than 1 mg. per minute (see dosage). Rapid administration 
can cause bradycardia, hypersalivation leading to respiratory 
difficulties and possibly convulsions. An overdosage of ANTI- 
LIRIUM can cause a cholinergic crisis. 


PRECAUTIONS: Because of the possibility of hypersensitivity 
in an occasional patient, atropine sulfate injection should always 
be at hand since it is antagonist and antidote for physostigmine. 


ADMINISTRATION AND DOSAGE: The usual adult dose of 
ANTILIRIUM is 0.5 to 2.0 mg. intramuscularly or intravenously. 
intravenous administration should be at a slow, controlled rate of 
no more than 1 mg. per minute. It may be necessary to repeat 
dosages of 1 mg. to 4 mg. at intervals as life threatening signs 
such as arrhythmias, convulsions and deep coma recur. Phy. 
sostigmine salicylate is rapidly metabolized in the body. 


IN ALL CASES OF POISONING, THE USUAL SUPPORTIVE 
MEASURES SHOULD BE UNDERTAKEN 


CAUTION: Federal law prohibits dispensing without prescription 
T HOW SUPPLIED: Ampuls. 2 mi. packed 12 per box. 

x RR O'NEAL, JONES & FELDMAN 

BE aj ST. LOUIS, MISSOURI 63043 1079 
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for pain management 


in surgery 


@ proven analgesic efficacy—as a pre- and 
postoperative agent...for patients in labor... 
as the analgesic component of balanced 
anesthesia 


8 fast acting—onset of action within 10 minutes 
IM, very rapidly IV; peak analgesic activity 
within 30-60 minutes IM, more rapidly IV 


2 mg of Stadol produces a degree of respira- 

tory depression similar to that of 10 mg of 
w- morphine or 70 mg of meperidine—unlike 
"hes. these agents, doubling the Stadol dose to 4 mg 
ES does not appreciably increase the magnitude 

of respiratory depression 

8 favorable side effect profile—low physical 
dependence liability, little nausea or vomiting, 
infrequent constipation 


u few CNS effects other than sedation—the 
reported incidence of euphoria and hallucina- 
tions is less than 1% 


8 nonscheduled—not subject to regulations 
under the Federal Controlled Substances Act 


Rn Stadol; 
j IV 


> (butorphanol tartrate) 


proven performance in the relief 
of moderate to severe pain 


32 Bristol! Laboratories 
BRIS i OL Division of Bristol-Myers Compa 
Syracuse. New York 13201 


Please see brief summary of prescribing information on the following page 


pyright ©1980, Bri 





Brief Summary of Prescribing Information 
STADOL® (butorphanol tartrate) 


For complete information, consult Official Package Circular. 
(2) 12/10/79 

INDICATIONS AND USAGE—Stadol is recommended for the relief of moderate to severe 
pain. Stadol can also be used for preoperative or preanesthetic medication, as a 
supplement to balanced anesthesia, end for the relief of prepartum pain. 
CONTRAINDICATIONS—Stado! should not be administered to patients who have been 
shown to be hypersensitive to it. 
WARNINGS— Patients Physically Dependent on Narcotics: Because of its antagonist 
properties, Stadol is not recommended for patients physically dependent on 
narcotics. Detoxification in such patients is required prior to use. 
Due to the difficulty in assessing addiction in patients who have recently received 
substantial amounts of narcotic medication, caution should be used in the 
administration of Stadol. Detoxification of such patients prior to usage should be 
carefully considered. 
Drug Dependence: pes care should be exercised in administering Stadol to 
emotionally unstable patients and to those with a history of drug misuse. When 
long-term therapy is contemplated, such patients should be closely supervised. 
Even though Stadol has a low physical dependence liability, care should be taken 
that individuals who may be prone to an abuse are closely supervised. It is 
important to avoid increases in dose and frequency of injections by the patient and 
to prevent the use of the drug in anticipation of pain rather than for the relief of pain. 
Head Injury and Increased Intracranial Prassure: Although there is no clinical experience 
in patients with head injury, it can be assumed that Stadol, like other potent 
analgesics, elevates cerebrospinal fluid pressure. Therefore the use of Stadol in 
cases of head injury can produce effects (e.g., miosis) which may obscure the 
clinical course of patients with head injuries. In such patients Stadol must be used 
with extreme caution and only if its use is deemed essential. 
Cardiovascular Effects: Because Stadol increases the work of the heart, especially the 
pulmonary circuit, the use of this drug in acute myocardial infarction or in cardiac 
patients with ventricular dysfunction or coronary insufficiency should be limited to 
those who are hypersensitive to morphine sulfate or meperidine. 
PRECAUTIONS— Certain Respiratory Conditions: Because Stadol causes some respiratory 
depression, it should be administered only with caution and low dosage to patients 
with respiratory depression (e.g., from other medication, uremia, or severe infec- 
tion), severely limited respiratory reserve, bronchial asthma, obstructive respiratory 
conditions, or cyanosis. 
Impaired Renal or Hepatic Function: Although laboratory tests have not indicated that 
Stadol causes or increases renal or hepatic impairment, the drug should be 
administered with caution to patients with such impairment. Extensive liver disease 
may predispose to greater side effects and greater activity from the usual clinical 
dose, possibly the result of decreased metabolism of the drug by the liver. 
Biliary Surgery: Clinical studies have not been done to establish the safety of Stadol 
administration to patients about to undergo surgery of the biliary tract. 
Usage as a Preoperative or Preanesthetic Medication: Slight increases in systolic blood 
pressure may occur, therefore caution should be employed when Stadol is used in 
the hypertensive patient. 
Usage in Balanced Anesthesia: The use of pancuronium in combination with Stadol may 
cause an increase in conjunctival changes. 
Usage in Pregnancy: The safety of Stadol for use in pregnancy prior to the labor period 
has not been established; therefore, this drug should be used in pregnant patients 
only when in the judgment of the physician its use is deemed essential to the welfare 
of the patient. 
Reproduction studies have been performed in rats, mice and rabbits and have 
revealed no evidence of impaired fertility or harm to the fetus due to Stadol at about 
2.5 to 5 times the human dose. 
Usage in Labor and Delivery: Safety to the mother and fetus following administration of 
Stadol during labor has been established. Patients receiving Stadol during labor 
have experienced no adverse effects cther than those observed with commonly used 
nm. Stadol should be used with caution in women delivering premature 
infants. 
Usage in Nursing Mothers: The use of Stadol in lactating mothers who are nursing their 
infants is not recommended since it is not known whether this drug is excreted in 
human milk. Stadol has been used safely for labor pain in mothers who sub- 
sequently nursed their infants. 
Usage in Children: Safety and efficacy in children below age 18 years have not been 
established. 
ADVERSE REACTIONS—The most frequent adverse reactions in 1250 patients treated 
with Stadol are: sedation (503, 40%), nausea (82, 6%), clammy / sweating (76, 6%). 
Less frequent reactions are: headache (35, 3%), ae 33, 3%), floating feeling (33, 
3%), dizziness (23, 2%), lethargy (19, 2%), confusion (15, 1%), lightheadedness (12, 1%). 
Other adverse reactions which may occur (reported incidence of less than 1%) are: 
CNS: nervousness, unusual dreams, agitation, euphoria, hallucinations 
Autonomic: flushing and warmth, dry mouth, sensitivity to cold 
Cardiovascular: palpitation, increase or decrease of blood pressure 
Gastrointestinal: vomiting 
Respiratory: slowing of respiration, shallow breathing 
Dermatological: rash or hives 
Ey& diplopia or blurred vision 
OVERDOSAGE— Manifestations: Although there have been no experiences of over- 
dosage with Stadol during clinical trials, this may occur due to accidental or 
intentional misuse as well as therapeutic use. Based on the pharmacology of Stadol, 
overdosage could produce some degree of respiratory depression and variable 
cardiovascular and central nervous system effects. 
Treatment: The immediate treatment of suspected Stadol overdosage is intravenous 
naloxone. The respiratory and cardiac status of the patient should be evaluated 
constantly and appropriate supportive measures instituted, such as oxygen, intra- 
venous fluids, vasopressors and assisted or controlled respiration. 
vat alla (butorphanol tartrate) Injection for I.M. or I.V. use, is available 
as follows: 

NOC 0015-5644-20—2 mg per ml, 2-m1 vial 

NDC 0015-5645-20—1 mg per ml, 1-m! vial 

NOC 0015-5646-20—2 mg per ml, 1-mI vial 

NDC 0015-5646-23—2 mg per ml, 1-ml Disposable Syringe 

NDC 0015-5648-20—2 mg per ml, 10-ml multi-dose vial 


TM Bristol Laboratories 
BRISTOL Division of Bristol-Myers Company 


Syracuse, New York 13201 
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Some 
doors are 
meant to 
be open... 


Project HOPE is opening 
doors to children like these 
throughout the world. Since 
1960 HOPE has sent teams 

of physicians, dentists, 
nurses and allied health 
personnel to share with 
developing nations their 
medical skills and 
knowledge. 


Give to: 











Department A 
Washington, D.C. 20007 








EMERSON 
IMV| Ventilator 


Intermittent Mandatory Ventilation 


Continuous-flow voluntary ventilation, with inter- 
mittent forced breaths, is an alternative to assisted or 
controlled respiration. It has been found especially 
valuable for infants and for use in “weaning” adults as 
they improve. 


Air fully humidified (and usually enriched with 
oxygen) flows continuously to a reservoir bag, and is 
available for unobstructed inspiration by the patient. 
A slight expiratory back-pressure (PEEP) may be 
added, to keep the lungs expanded. At intervals the 
ventilator delivers a “mandatory” breath, which sup- 
plements the patient's own breathing activity and 
increases minute volume. The machine does not 
have to “take over”. The patient maintains his own 
homeostasis, without interference from drugs or 
hyperventilation.’ 


At first the ventilator is generally set to supply man- 
datory breaths at a normal controlled rate. This con- 
trolled respiration is then gradually changed, by 
lengthening the interval between breaths (a second 
or two at a time) as the patient's condition improves. 
Eventually mandatory breaths are spaced so far apart 
that the patient scarcely relies on them at all — and 
“weaning” is completed.’ 


VERSUS ASSIST 


Triggering an assistor has often been a problem, particularly for infants, since their rates are rapid 
and their inspiratory impulses are slight. If synchronization isdess than perfect, the patient inhales (at 
least part of the time) with no fresh gas available. Under such circumstances, blood levels of CO; 
rise, as noted by Kirby and associates.' 


VERSUS CONTROL 


For apneic patients, control is obviously needed. But to take over, when a patient is breathing 
spontaneously, drugs have to be used or the patient has to be hyperventilated. Either procedure has 
drawbacks. Paralytic or sedative agents may obscure signs cf neurological or metabloic disorders. 
Lowered musgle tone may impair venous reiurn, and hence cardiac output. The effects of such drugs 
are particularly hard to predict in infants. 





Hyperventilation (often used to suppress spontaneous breathing efforts) has drawbacks, too. The 
resultant alkalosis reduces cerebral blood flow. Blood levelsaof calcium and magnesium are altered. 
Airway resistance increases and pulmonary compliance decreases with hy pocarbia.? Finally, there is 
evidence of a shift in the carbon dioxide response curve, which makes weaning more difficult. 


All of these pit-falls can be avoided by using continuous-flow IMV. 


Please request Form 3-ĦV. 
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EDITORIAL 


A Stressful Situation 


ATAL febrile responses to anesthesia have been 

known since the turn of the century, but it was 
not until the seventh decade that the familial neuro- 
muscular syndrome known as malignant hyperther- 
ria (MH) was well described. Since most of the 
irfrequent case reports involved drugs, particularly 
tke potent inhalation anesthetics and muscle relax- 
ants, MH was considered a relatively rare pharmaco- 
genetic problem. Few anesthesiologists expected to 
see a case of MH. But as better techniques of diagnosis 
b2came available, i.e., in vitro muscle testing, it be- 
came apparent that susceptibility to MH (MHS) was 
n2ither rare nor uncommon. As additional informa- 
tion became available, inconsistent and atypical pat- 
terns of response in MHS patients were recognized, 
suggesting that MH could not be considered a pure, 
relative-y rare problem with well described character- 
istics. Since the mechanisms and the nature of the 
problems are still poorly described and in many 
instances based on speculation, these inconsistencies 
have led to confusion about MH. 

Several things have, however, become clear during 
the past two decades. First, MH is not always associ- 
azed with a fulminant fever. Recognition of this im- 
portant point along with the other inconsistencies led 
to considerable debate at the Second International 
Symposium on Malignant Hyperthermia concerning 
the appropriateness of the name.! However, the name 
was not changed because there was not enough infor- 
mation available to propose an acceptable substitute. 
Second. and more important, is the fact that most 
MHS patients can be anesthetized with the so-called 
contraindicated drugs without developing MH.*? In- 
deed, this is the rule rather than the exception. In 
addition, patients who have had documented MH 
reactions have successfully been subsequently anes- 
thetized with the contraindicated drugs (S. Tan and J. 
£.. Aldrete, presentation at Second International Sym- 
posium on Malignant Hyperthermia, Denver, Colo- 


. rado, 1977 and references 3 and 4). This information 


suggests that factors other than drugs and inheritance 
are necessary for MH to develop. Furthermore, this 


informaticn causes serious doubt as to the role of 
incomplete penetrance of the MH gene(s) as an im- 
portant reason why susceptibility infrequently ex- 
presses itself. Third, cases of MH were recognized to 
be "induced" in the recovery and postoperative pe- 
riods whe1 obviously the major effects of anesthesia 
were no -onger an important consideration. It has 
been my experience after reviewing more than 3000 
episodes ia MHS patients that more problems occur 
following anesthesia than occur during anesthesia. In 
fact, the patient may be safer in the operating room 
than in tae recovery room or following discharge 
from the secovery room. 

Obviously, a new and more expanded concept of 
MH has »ecome necessary to accommodate these 
inconsistencies. Thus, the next step has been devel- 
opment o: the concept that one of the other factors in 
MH is stress.’ It has been known fcr many years that 
stress exacerbates neuromuscular diseases. Retrospec- 
tive analy «is of MH families suggests a stress-induced 
sudden d»ath syndrome with MHS; this has been 
reinforcec by studies implicating intrinsic cardiac 
problems with accompanying cardiac irregularities 
and potertial fatal arrhythmias as an explanation for 
the suddea deaths.? Interestingly, fever is not a major 
componer of these latter findings. 

In this issue, Gronert, Thompson, and Onofrio 
{Anesth Analg 59:377-378, 1980) supply further in- 
formation which strengthens the stress concept of 
MH. They have successfully identified by in vitro 
muscle testing an MHS patient, recognized an MH- 
like stress-induced reaction, and successfully treated 
the patient with dantrolene. The patient was not 
anesthetized, was not taking any medications, and 
was not Lospitalized. One might argue that the MH 
reaction vas not witnessed by the authors nor do they 
have good evidence of major biochemical abnormal- 
ities to substantiate their claim that the patient had 
MH. Cerainly the clinical response was malignant 
hypertheamoid and the patient had a transient dia- 
betic pattern, a biochemical abnormality consistent 
with a stress response. This report leaves only one 
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conclusion: MHS when associated with stress caused 
a potentially fatal condition in the patient. The impli- 
cations of this extend far beyond the scope of anes- 
thesiology. Reports of the adverse effects of stress 
secondary to modern life styles on the general health 
of our population are voluminous. What is the impact 
of MHS on the stress problems in the general popu- 
lation? In view of the prevalence of MHS and increas- 
ing reports of sudden death with MHS, one can 
speculate with some assurance that it is a medical 
problem of considerable magnitude. The importance 
of this aspect of MHS should not be taken lightly. 

It is interesting that dantrolene can abort a stress- 
induced MH-like syndrome such as occurred in the 
patient described by Gronert et al. Dantrolene is not 
considered a sympatholytic or adrenolytic agent. Did 
it reduce the muscle response without influencing the 
other parts of the stress response, especially the effects 
of stress on the cardiovascular system? Or did dantro- 
lene have beneficial effects on the entire sympathoad- 
renal response? If the latter is true, why might this 
drug work as well or possibly better than sympath- 
olytic drugs, as it does in the pig? Dantrolene will 
abort the MHS stress response, but will it protect 
against sudden death? Theoretically it should not, if 
the cardiac problems in MHS are intrinsic to the heart 
because dantrolene has minimal cardiovascular ef- 
fects. It is hard to imagine that merely blocking skel- 
etal muscle sarcoplasmic reticulum could abort a 
stress response, yet it does. Obviously, in the next 
decade we can look forward with excitement to de- 
velopments of our understanding of MH, its diagnosis 
and treatment, and its effects on other disease proc- 
esses. 

Finally, as with porcine MH, human MH is a special 
variant of a more general stress syndrome. To assume 
that human and porcine MH are identical is folly 
because of species differences in their respective neu- 
romuscular systems, in their biochemical mecha- 
nisms, and in their heat regulatory systems, Taking 
these species differences into account, it is equally 
fallacious to discount the similarities and the useful- 
ness of the pig in developing insight into human MH. 
Gronert et al recognize these differences in their 
report. 

A concept that takes into account all of these factors 
has evolved.* Malignant hyperthermia is an inherited 
neuromuscular problem(s) with its own characteristics 
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which express themselves independent of stress and 
drugs and which under adverse conditions may give 
rise to nonhyperthermic metabolic problems. As with 
all patients, stress results in increased sympathoad- 
renal activity characterized by tachycardia, hyperten- 
sion, increased metabolic activity, venoconstriction, 
and fever. In the MHS patient stress may or may not 
enhance the neuromuscular problems. When both are 
present the clinical picture is that seen in the patient 
of Gronert et al. The maximum effect of both is a 
potentially dangerous situation. Drugs may affect 
either or both of these components and the outcome 
depends upon the type of drug, the degree of the 
neuromuscular problem, and the amount of stress at 
the time the drugs are administered. The potent in- 
halation anesthetics and/or succinylcholine may 
make this condition worse. Again, the clinical picture 
during anesthesia depends upon the conditions exist- 
ing in the patient at the time anesthetics are given. 
The more severe the underlying neuromuscular con- 
dition and the greater the stress, the more profound 
the MH reaction will be during anesthesia. When all 
are at their maximum, typical fulminant MH results. 
Thus, a spectrum of responses can be seen. 


Daniel W. Wingard, MD 

Department of Anesthesiology 

University of Nebraska College 
of Medicine 

Omaha, Nebraska 68105 
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Pulmonary and Systemic Vascular 
Responses to Nitrous Oxidein 
Patients with Mitral Stenosis and 


Pulmonary Hypertension 
Jahn C. Hilgenberg, MD,* Richard L. McCammon, MD,* and 


I:obert K. Stoelting, MD} 


HILGENEERG, J. C., MCCAMMON, R. L., AND STOELTING, R. K.: Pulmonary and systemic re- 
s3onses to nitrous oxide in patients with mitral stenosis and pulmonary hypertension. Anesth 


Analg 53:323-326, 1980. 


Pulmonary and systemic circulatory responses to inhalation of 5096 nitrous oxide were studied 
ir 11 pétients with pulmonary hypertension prior to elective mitral valve replacement. All 
patients were premedicated with intramuscular morphine and scopolamine. Compared with 
awake control measurements while breathing 5096 oxygen in nitrogen, heart rate, cardiac 
irdex, systemic and pulmonary vascular pressures, systemic vascular resistance, and sys- 
temic and pulmonary heart rate, systolic blood pressure products remained unchanged after 
administration of 5096 nitrous oxide for 10 minutes. The only significant change was an 
increase in pulmonary vascular resistance from 159 + 18 dynes-sec-cm7° before nitrous 
oxide inhalation to 213 + 27 dynes-sec-cm ? during nitrous oxide inhalation ( p < 0.05). We 
conclude that nitrous oxide increases pulmonary vascular resistance in patients with preexist- 
ing pulmonary hypertension; however, this increase is not associated with alterations in other 
measured or calculated hemodynamic variables and is probably not of sufficient magnitude to 


recommend avoiding nitrous oxide in these patients. 


Key Words: ANESTHETICS, Gases: nitrous oxide; LUNG: vascular resistance. 


HE INHALATION of nitrous oxide following 

morphine administration in patients with coro- 
rary artery disease significantly increases mean pul- 
monary artery pressure and pulmonary vascular re- 
sistance while decreasing mean arterial pressure and 
cardiac index.’ Increased pulmonary vascular resis- 
tance produced by nitrous oxide might be particularly 
undesirable in patients with preexisting pulmonary 
Hypertension and right ventricular disease or right-to- 
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left intracardiac shunts. Based on this concern the use 
of nitrous oxide in these types of patients has been 
questioned.’ Nevertheless, measurements of the ef- 
fects of nitrous oxide on the pulmonary circulation in 
patients with preexisting pulmonary hypertension are 
limited to the description of a single patient with 
mitral valve disease who received nitrous oxide after 
morphine, 1 mg/kg IV.’ Data in a larger series of 
patients with pulmonary hypertension and receiving 
nitrous oxide in the absence of other drugs are nec- 
essary to resolve the question of the safety or hazard 
of nitrous oxide administration in such patients. 
Therefore, we studied the pulmonary and systemic 
vascular effects of nitrous oxide in 11 patients with 
pulmonary hypertension? prior to anesthesia for elec- 
tive mitral valve replacement. 


ANESTHESIA AND ANALGESIA 
Vol 58, No 5, May, 1980 


323 


PULMONARY VASCULAR RESPONSES TO NITROUS OXIDE 


Method 


Eleven patients with valvular heart disease (49 + 2 
years, 67 + 4 kg, mean + SEM) were studied before 
induction of anesthesia for elective mitral valve re- 
placement. Preoperative mean pulmonary artery pres- 
sure was greater than 20 torr in all patients. None had 
angiographic evidence of coronary artery disease. 
Digitalis preparations had been discontinued for at 
least 48 hours. Two patients had atrial fibrillation. 
Morphine (6 to 15 mg) and scopolamine (0.4 to 0.6 
mg) were administered intramuscularly 60 to 90 min- 
utes before the patients were studied. 

Peripheral intravenous cannulae were placed for 
fluid and drug infusion. Radial arterial cannulae were 
inserted for measurement of arterial blood pressure 
and blood gas sampling. A triple lumen flow-directed 
thermodilution catheter was advanced through the 
right internal jugular vein into a pulmonary artery for 
recording of pulmonary artery pressure (PAP), pul- 
monary artery occluded pressure (PAo), and mean 
right atrial pressure (RAP), as well as for measurement 
of cardiac output (CO). Heart rate (HR) was calculated 
from the electrocardiogram. Systemic vascular resis- 
tance (SVR) and pulmonary vascular resistance (PVR) 
as dynes. sec. cm” were calculated as follows: SVR 
= MAP — RAP x 80 + CO and PVR = PAP — PAo 
x 80 + CO. Cardiac index (CI) was calculated by 
dividing CO by body surface area and stroke index 
(SI) by dividing CI by HR. The rate-pressure product 
was determined by multiplication of heart rate by the 
systemic or pulmonary artery systolic pressure. 

Awake control measurements were obtained while 
patients were breathing 50% Oz in nitrogen by mask 
for 10 minutes. Following control measurements the 
inspired gases were changed to 50% nitrous oxide in 
oxygen (6 L/min N20: 6 L/min O5). All measurements 
were repeated and arterial blood gas tensions and pH 
were determined after 10 minutes of nitrous oxide 
inhalation. Drugs were not administered and colloid 
was not infused during the period of data collection. 
Ventilation was spontaneous during the entire study 
period. All measurements were made at end-expira- 
tion. Data were analyzed using Student's t-test for 
paired data and p « 0.05 was considered statistically 
significant. 


Results 


Data are summarized in Table 1. Compared with 
awake measurements while breathing 5096 oxygen in 
nitrogen, the inhalation of 5096 nitrous oxide in oxy- 
gen for 10 minutes resulted in no significant change 
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TABLE 1 


Hemodynamic Changes during Inhalation of 5096 Nitrous 
Oxide by Patients with Pulmonary Hypertension (mean + 
SEM) 





Nitrous oxide 


Control (5096 for 10 
min) 
Heart rate (beats/min) 85.6 + 5.4 82.5 + 6.1 
Cardiac index (L/min/m?) 2.74 + Q.15 2.50 + 0.18 
Stroke index (ml/min/m?) 32.9 + 2.5 31.4 + 2.8 
Systemic arterial pressures (torr) 
Systolic 129.5 + 6.1 126.9 + 6.4 
Diastolic 74.4 + 2.4 75.8 + 3.0 
Mean 92.4 + 3.1 92.5 + 3.8 
Pulmonary arterial pressures 
(torr) 
Systolic 51.7 € 4.8 52.3 + 5.4 
Diastolic 27.3 t 2.6 31.4 + 4.4 
Mean 35.7 + 3.3 38.3 + 4.6 
Occluded 26.7 + 2.9 26.2 + 3.0 
Mean right atrial pressure (torr) 11.0 x 1.9 15.6 x 3.5 
Systemic vascular resistance 1,451 + 115 1,551 + 124 
(dynes-sec.cm ?) 
Pulmonary vascular resistance 159 +18 213 + 27* 
(dynes.sec.cm ^?) 
Heart rate x systolic arterial 11,175 + 916 10,654 +1192 
pressure 
Heart rate X pulmonary arterial 4,419 + 477 4,466 + 653 
pressure 


* Significant (p « 0.05) difference between control and value obtained 
during N20 administration. 


in any measured hemodynamic parameter. Changes 
in RAP and CI approached but did not achieve statis- 
tical significance. PVR increased significantly ( p « 
0.05) when nitrous oxide was administered, while 
SVR did not change. Individual changes in PVR and 
PAP are depicted in Figs 1 and 2, respectively. 

Arterial blood gas tensions, pH, and temperature 
data at the conclusion of the nitrous-oxide study are 
summarized in Table 2. 


Discussion 


The effect of nitrous oxide on the systemic circu- 
lation has been studied alone, in combination with 
inhalation anesthetic agents,“ and after intravenous 
narcotic administration."? When administered to 
healthy volunteers alone,or in combination with in- 
halation anesthetics, nitrous oxide causes alpha-ad- 
renergic stimulation and peripheral vasoconstriction. 
Significant myocardial depression is apparent when 
nitrous oxide is administered alone? or with intrave- 
nous narcotics.» ? 

The effect of nitrous oxide on the pulmonary cir- , 
culation has not been as extensively investigated. 
Price et alf found no significant change in PAP or 
PVR in healthy patients during inhalation of either 
halothane-oxygen or halothane-nitrous oxide-oxygen. 
The addition of nitrous oxide to halothane-oxygen 
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FiG 1. Individual pulmonary vascular resistance measurements 
(?VR) as determined in 11 patients before (control) and after 10 
minutes of 5096 N5O inhalation. 


50% N,0 


65 ' 
60 


55 


20 





45 
40 
35 
30 
25 à 


20 


15 


502 0, 
(control) 
FiG 2. Individual mean pulmonary artery pressure measure- 
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TABLE 2 

Blood Gas, pH, and Temperature Data after Breathing 5096 
Nitrogen in Oxygen and 50% Nitrous Oxide in Oxygen for 10 
Minutes (mean + SEM) 








50% Nz 50% N20 
Pao, (torr) 162 + 14 176 + 18 
Paco, (torr) 38.2 & 2.1 38.9 + 1.4 
pH 7.42 + 0.02 7.39 + 0.01 
Temperature ( C) 36.6 + 0.1 





anesthesia in patients with aortic and/or mitral val- 
vular heart disease resulted in no significant change 
in either PAP or PVR.* Lappas et al,’ however, found 
that the addition of 50% nitrous oxide following mor- 
phine administration to patients during coronary art- 
tery surgery resulted in a small but significant increase 
in PAP and PVR. A subsequent study by the same 
authors again demonstrated similar changes in the 
pulmonary circulation during nitrous oxide-halothane 
anesthesia which were reversed by the administration 
of the ganglionic blocker, pentclinium.’ Presumably 
nitrous oxide resulted in alpha-adrenergic stimulation 
which was reversed by pentolinium. Phentolamine, 
an alpha-adrenergic blocker, also reverses pulmonary 
vasoconstriction induced by nitrous oxide.’ The dis- 
crepancy between earlier and more recent data may 
be explained in part by differences in study conditions 
and autonomic nervous system tone at the time of 
data collection, i.e. surgical stimulation, cardiovascu- 
lar recovery with time, or background anesthetic. 
Drug-induced pulmonary vasoconstriction can be 
inferred if the PAP increases in the presence of the 
following conditions: (1) a constant or decreased CO; 
(2) a constant left atrial pressure; (3) an unchanged 
extravascular pressure within the lungs and thorax; 
and (4) constant HR, systemic arterial pressure, and 
pulmonary blood volume. Cardiac output, PAP, 
mean arterial pressure (MAP), HR, and PAo did not 
change during nitrous oxide administration in our 
subjects. The extravascular pressure in the lungs and 
thorax are assumed to have remained constant since 
there was no significant change in airway pressure or 
ventilatory pattern during spontaneous ventilation 
and measurements were made at end-expiration. It 
can be inferred that no significant change in pulmo- 
nary blood volume occurred during data collection 
since no blood or colloid was being infused nor was 
redistribution between systemic and pulmonary vas- 
culatures likely since neither MAP nor SVR changed. 
Furthermore, blood viscosity, an important determi- 
nant of PVR, was unlikely to have changed during the 
course of data collection. Thus, our data demonstrat- 
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ing increased PVR during nitrous oxide administra- 
tion are consistent with a drug-induced pulmonary 
vasoconstriction. 

Our results are in agreement with previous studies 
demonstrating a significant change in pulmonary vas- 
cular hemodynamics during nitrous oxide inhala- 
tion." ^ Our patient population is unique in that all 
patients had moderate pulmonary hypertension as 
evidenced by the mean pulmonary artery pressure of 
35.7 torr. Furthermore, background anesthesia and 
surgical stimulation were not present. Alterations in 
autonomic nervous system tone by general anesthesia 
or surgical stimulation may significantly alter the 
response to sympathetic stimulation and thus confuse 
the interpretation of data obtained from drug admin- 
istration under these conditions. 

The clinical significance of the ability of nitrous 
oxide to induce pulmonary vasoconstriction has not 
been fully elucidated. Lappas, et al! observed a sig- 
nificant increase in the right ventricular rate-pressure 
product when nitrous oxide was inhaled following 
morphine administration during controlled ventila- 
tion in patients without pulmonary hypertension. Our 
results in patients with pulmonary hypertension 
spontaneously breathing nitrous oxide alone failed to 
demonstrate a significant change in right ventricular 
rate-pressure product. This was because neither pul- 
monary artery systolic pressure nor HR significantly 
changed. Thus, in our patients with mitral stenosis, 
one index of right ventricular myocardial oxygen 
consumption was not elevated. | 

In summary, the pulmonary and systemic vascular 
hemodynamic responses to the inhalation of nitrous 
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oxide during spontaneous ventilation in patients with 
mitral stenosis and pulmonary hypertension revealed 
no significant change in any measured variable. Cal- 
culated PVR demonstrated pulmonary vasoconstric- 
tion. No detrimental effect on right ventricular my- 
ocardial oxygen resuirements was detected. Although 
the interaction between anesthetic agents and nitrous 
oxide inhalation may result in a small increase in 
PVR, we conclude that the effect of nitrous oxide on 
pulmonary vascular hemodynamics is not sufficient 
to recommend avoidance of nitrous oxide in patients 
with moderate pulmonary hypertension. 
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Changes in the ventricular conduction system associated with halothare anesthesia were 
investigated by direct methods of His bundle recording, pacing, and pr=mature stimulation in a 
canine model. In eight animals a change from 1.596 to 2.496 halothane concentrations was 
associated with significant prolongation of epicardial activation times Cy an average of 2.4 and 
z.9 msec during atrial and His bundle paced rhythms, respectively. Ventricular functional 
r2fractory periods decreased significantly by an average of 7.3 msec, he effective refractory 
period of the ventricular conduction system did not change, and epica dial conduction delays 
&t the effective refractory period decreased. In six other animals the ac dition of 1.5% halo- 
tiane to basal thiopental anesthesia was not associated with prolonga3on of epicardial activa- 
t on times or decreased ventricular functional refractory periods. However, the effective re- 
f-actory period of the ventricular conduction system significantly decreased by an average of 
€.1 msec, and epicardial conduction delays at the effective refractory 2eriod significantly 
increased by an average of 9.6 msec. A change in halothane concentrations from 1.596 to 
z.496 is associated with depression of ventricular conduction and shorzened duration of 
refractory periods in the ventricular conduction system in vivo in a mar ner consistent with the 


raported actions of halothane on Purkinje fibers in vitro. 


Key Words: ANESTHETICS, Volatile: halothane; HEART: conduction. 


ARDIAC arrhythmias are thought to result from 
disturbances of automaticity or conduction, or 
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both.’ Tke possible contribution of conduction dis- 
turbances to the genesis of ventricular arrhythmias in 
vivo during general anesthesia remains largely un- 
known. Disturbances characterized by diminished 
conducticn velocity or “depressed” conduction and 
shortenec refractory period durations may in theory 
facilitate -he occurrence of arrhythmias by a reentrant 
mechanisn.” 

There 3 electrophysiologic evidence that the anes- 
thetic halothane may depress conduction and shorten 
refractor, period duration in ventricular tissues. 
Hauswirt3? found that conduction times along Pur- 
kinje fibers were prolonged and the action potential 
and refrectory period durations of Purkinje fibers 
were sho-tened by the addition of 2% halothane to a 
tissue bazh. Changes in ventricular conduction asso- 
ciated wih halothane anesthesia in vivo have been 
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demonstrated in several canine studies. Atlee et al*° 
have reported that there is dose-related prolongation 
by halothane of the interval between onset of the 
catheter-recorded wave form of the bundle of His and 
the earliest onset of ventricular muscle activity (H-V 
interval). However, Morrow et al? did not find pro- 
longation of H-V intervals when halothane was given 
to animals initially anesthetized with pentobarbital. 

The purpose of the present study was to examine 
changes occurring in the ventricular conduction sys- 
tem associated with halothane anesthesia in the pres- 
ence and absence of basal barbiturate anesthesia. It 
was felt that the different changes in H-V intervals 
previously reported deserve further study. In addi- 
tion, we studied changes in refractoriness in the ven- 
tricular conduction system at two levels of halothane 
anesthesia and with the addition of halothane to basal 
barbiturate anesthesia. The invasive methods utilized 
were adapted from those developed by Hoffman and 
co-workers! for direct measurement of conduction 
intervals between the His bundle and epicardium. A 
His bundle extrastimulus technique was employed to 
assess changes occurring in the refractory periods of 
the ventricular conduction system.® 


Methods and Materials 


In 14 adult mongrel dogs anesthesia was induced 
with thiopental. The animals were intubated endotra- 
cheally without muscle relaxants and mechanically 
ventilated with oxygen. In group I (eight animals) 
anesthesia was maintained with halothane following 
an average induction dose of 17 mg/kg of thiopental. 
Fixed inspired concentration settings (Drager vapor- 
izer) and flow rates were used at each halothane 
concentration and at least 12 hour was allowed for 
equilibration following a change in concentration be- 
fore parameters were determined. End-tidal concen- 
trations were sampled in three animals on five occa- 
sions at each level. The average halothane concentra- 
tions (Beckman LB-2 analyzer) were 1.5% (range 1.4- 
1.6%) and 2.4% (range 2.3-2.5%) at the low and high 
levels, respectively. In group II (six animals) basal 
anesthesia was maintained by incremental injections 
of thiopental. The mean total dosage was 116 mg/kg 
over the 6 to 10 hours of the experiments. Halothane 
was added to basal thiopental anesthesia intermit- 
tently by the same methods, giving an average end- 
tidal concentration of 1.596 as above. The sequence of 
different anesthetic conditions within each group was 
randomized to limit the possible influence of time- 
dependent changes. 
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The experimental preparation is shown schemati- 
cally in Fig 1. Bipolar.epicardial electrograms were 
obtained from the right ventricular apex, left apex, 
and left base following a right thoracotomy. A quad- 
ripolar pacing and recording electrode was sutured 
directly over the bundle of His during short periods 
of venous inflow occlusion averaging 3.3 minutes. 
Animals having persisting ST-T wave changes, altered 
ORS configuration in either of two limb leads or 
changed sequence of activation at the epicardial re- 
cording sites were excluded from further study. His 
bundle activity was usually obtainable from any com- 
bination of the four poles of the electrode. A band 
pass filter set between 50 and 500 Hz was used to 
obtain the best possible wave form. Simultaneous 
electrogram tracings, limb lead I, and aortic pressure 
were recorded at speeds of 20 cm/sec on a Honeywell 
Visicorder system. A superimposed grid pattern at 
10.0 + 0.1-msec intervals was used for manual interval 
measurements. 

His bundle pacing was performed by a coupled 2- 
channel Medtronic model 5837 pacemaker and asso- 
ciated logic device. The pacemaker provided pairs of 
2-msec square wave constant current pacing pulses at 
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Fig 1. Diagram of the experimental preparation. Sj? and Si^ 
are the last two of a series of 14 His bundle pacing stimuli, and 
S8 is the following premature test stimulus. Bipolar recording 
sites located as illustrated are abbreviated as follows: HB, His 
bundle; RV,, right ventricular apex; RV-LV, one pole each side 
of the apex; LV,, left ventricular apex; and LV», left ventricular 
base. All bipolar electrograms, limb lead I, and aortic pressure 
(AP) were recorded simultaneously. 
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controlled rate, amplitude, and coupling relationship. 
Diastolic thresholds were 3.4 and 3.7 ma in groups I 
and IL respectively, and pacing parameters were 
raaintained constant at about twice the initial diastolic 
tareshold throughout each experiment. Capture of the 
His bundle was considered valid if the ORS configu- 
ration in two limb leads and activation sequence at 
the epicardial recording sites remained the same at all 
pacing rates as that found during conducted atrial 
rhythms. 

Arterial blood was sampled, gas tensions measured 
(Radiometer), and ventilation adjusted or bicarbonate 
given as required to maintain Paco, between 33 and 
£6 torr, and pH between 7.33 and 7.48. Core temper- 
ture was monitored and maintained between 37.5- 
39 C. Lactated Ringer's solution (15 to 20 ml/kg/hr) 
was given to support the blood pressure and decrease 
¢pontaneous heart rate. Average systolic and diastolic 
blood pressures decreased from 94/68 to 76/50 torr 
on change to the high halothane level in group I and 
from 121/89 to 82/58 torr on addition of halothane to 
basal thiopental anesthesia in group II. Similarly, 
mean pH decreased from 7.41 to 7.37 in group I, and 
did not change from 7.39 in group II. 

A standard protocol of interval measurements was 
followed under each set of anesthetic conditions. Con- 
duction of regular (nonpremature) beats through the 
ventricular conduction system was assessed by meas- 
aring activation times at each epicardial recording site 
-elative to the onset of His bundle activity. Epicardial 
activation times (EAT), defined as the interval be- 
-ween the onset of the His bundle wave form and the 
onset of each of the three epicardial deflections, were 
measured initially during atrial rhythms. His bundle 
»acing was then performed at rates of 125, 150, and 
175 beats per minute, and similar EAT measurements 
were made from the onset of the pacing artifact which 
5bscured the His bundle wave form during pacing. 

An extrastimulus technique was used at each pacing 
zate to assess the refractory periods of the ventricular 
zonduction system and determine the conduction de- 
lays resulting from premature stimulation of the bun- 
dle of His. As illustrated in the example tracings of 
Fig 2, a premature His bundle test stimulus (55) was 
used to scan the diastolic interval following every 
14th His bundle pacing stimulus (51). The coupling 
interval of the test stimulus was progressively reduced 
after each series of 14 regular pacing stimuli by steps 
of 5 to 10 msec until the premature stimulus would 


. no longer propagate to the ventricles. The effective 


refractory period (ERP) was measured directly as the 
interval between the last of a series of paced beats 
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Fig 2. Electrogram tracings illustrating the methods of interval 
measurements for the RV, site in one animal (pacing rate 125 
beats per minute, 1.5% halothane). All intervals are in millisec- 
onds. A to D show pairs of complexes resulting from the last of 
a series of pacing stimuli (Si^) and the following premature test 
stimulus (S9) at example coupling intervals (Si^ to S8 interval (A)) 
decreasing from 346 to 167 msec. The intervals below the RV; 
tracing indicate the epicardial activation times (EAT (B)) for each 
complex. C illustrates the measurement of an epicardial re- 
sponse interval (ERI), the interval betw2en epicardial deflections 
in response to S1* and $38, at a coupling interval of 186 msec. D 
shows conduction at the effective refractory period (ERP), de- 
fined as the interval between Sj! anc the earliest propagating 
SP stimulus. The difference in EAT between the S} and Si^ 
complexes (EAT? — EAT1^) at the ERP was derived and defined 
as the epicardial conduction delay at the effective refractory 
period (CDerp), in this case 104 — 45 = 59 msec. 


(51^) and the earliest premature His bundle stimulus 
(S5) that was able to propagate through the ventricular 
conduction system to capture the ventricles. As shown 
in Fig 2, as the coupling interval was reduced the 
premature complexes became aberrant and activation 
at the epicardial recording sites was progressively 
delayed. Conduction delay to each recording site was 
quantitated by determining the difference in epicar- 
dial activation times between the last pacing stimulus 
and the following premature test stimulus (EAT? — 
EAT!) as a function of the prematurity. 

Fig 3 illustrates data obtained at one recording site 
and one pacing rate during a complete coupling scan. 
The abscissas of both graphs are the coupling intervals 
or degree of prematurity. The ordinate to the right 
shows the difference in EAT between the S? and $i’ 
complexes. This epicardial conduction delay associ- 
ated with prematurity was analyzed at the coupling 
interval giving the effective refractory period and is 
designated CDzn» in Fig 3. The ordinate to the left 
represents the interval between epicardial deflections 
of the Si* and S$ complexes. These intervals, desig- 
nated the epicardial response intervals (ERI) in Figs 2 
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Fig 3. Complete plot of interval data obtained for the RV, site 
at all coupling intervals from the same animal under the same 
conditions as in Fig 2. The abscissas are the coupling intervals, 
or the degree of prematurity. The ordinate to the right is the 
difference in EAT between the $} and SÍ* complexes, or the 
epicardial conduction delay. CDepp indicates the epicardial con- 
duction delay at the effective refractory period (ERP). The ordi- 
nate to the left represents the epicardial response intervals. The 
minimum epicardial response interval was measured and defined 
as the functional refractory period (FRP) for the conduction 
pathway to each recording site. 


and 3, were also measured directly as a function of 
the prematurity at each recording site. The minimum 
interval between epicardial responses to the last of 
the series of paced beats and the following premature 
stimulus (minimum ERI) was determined at each site 
and defined as the functional refractory period (FRP) 
for the conduction pathway to each recording site. 

Changes in measured parameters within each group 
were evaluated by an analysis of variance (ANOVA) 
to assess the influence of the His bundle pacing rate, 
anesthetic treatment, and location of the epicardial 
recording sites. Mean values and the results of testing 
the anesthetic-related changes with a paired t-test are 
shown in the Tables. A probability level of 0.05 or 
less was considered statistically significant. 


Results 


Changes in epicardial activation times during reg- 
ular (nonpremature) atrial and His bundle paced 
rhythms are shown in Tables 1 and 2. There was 
significant prolongation of EAT at 2.4 compared to 
1.5% halothane concentrations (Table 1). The average 
increase at the three recording sites was 2.4 msec 
during atrial and 2.9 msec during His paced rhythms, 
respeczively. In contrast, the addition of 1.5% halo- 
thane to basal thiopental anesthesia was associated 
with an insignificant increase in EAT averaging 0.9 
msec (Table 2). 

The His bundle pacing rate significantly affected 
the results of all parameters determined by the extra- 
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TABLE 1 


Mean Epicardial Activation Times at Two Levels of 
Halothane Anesthesia 


Group | Atrial rhythm His bundle paced rhythm 
(N = 8) VERE ee MEER CEDE 
Satine ord Paired mean onde Ak Paired mean 
: change + change + 
cording ———— SE << SE 
sitet 1.5% 2.4% 1.5% 2.4% 
msec 


RV, 47.1 49.4 2.3 +0.4* 50.1 
LV, 57.6 60.5 2.9 + 0.5” 
LV, 63.6 65.4 1.8 + 0.6” 


53.0 2.9 + 0.7” 
62.2 65.9 3.7 + 0.6* 
68.2 70.4 2.2 +0.8* 





* Anesthetic related change significant p = 0.05 (paired t- 
test). 

t Influence of anesthetic treatment significant p < 0.05 (AN- 
OVA). 

t Influence of location of site significant p = 0.05 (ANOVA). 


TABLE 2 


Mean Epicardial Activation Times during Basal Thiopental 
Anesthesia and Basal Thiopental Anesthesia Plus 1.596 
Halothane 





Atrial rhythm His bundle paced rhythm 


Groupi eee He 
(N = 6) Thio- Thio- 
Epicar- pental Paired pental Paired 
dial re- jii plus mean pua plus mean 
cording Enid 1.596 change + ental 1.5% change + 
sitet P halo- SE p Halo- SE 
thane thane 
msec 
RV, 47.9 49.6 1707 51.6 53.2 1.6+0.7 
LV, 54.1 545 04+05 58.0 59.0 1.0+0.6 
LV, 58.8 59.0 0.2+0.7 62.9 636 0.6 + 0.7 


t Influence of location of site significant p = 0.05 (ANOVA). 


stimulus technique (Tables 3 to 6). Increasing the 
pacing rate decreased the effective and functional 
refractory periods and decreased conduction delays 
to the epicardium at the effective refractory period; 
however, these parameters were not significantly in- 
fluenced by the location of the various recording sites 
over the range of rates studied. 

Ventricular functional refractory periods signifi- 
cantly decreased with change to the higher halothane 
concentration in group I. The average decrease at each 
rate and recording site was 7.3 msec (Table 3). There 
was also a slight but insignificant decrease in FRP 
associated with the addition of 1.5% halothane to 
basal thiopental anesthesia averaging 1.4 msec (Table 
4). 

The effective refractory period did not decrease 
significantly at the higher halothane concentration in 
group I; however, the addition of halothane to basal 
thiopenta! anesthesia was associated with significant 
decrease in ERP averaging 9.1 msec (Tables 5 and 6). 
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TABLE 3 
Mean Ventricular Functional Refractory Periods at Two Levels of Halothane £ nesthesia 





His bundle pacing rate Opm)S 





Group | 
N=8 125 150 175 
Epicardial a ee cc E Te 
. i re) a 
eae Vol % halothanet Paired change + Vol 96 halothanet Parad chande = Vol % halothane Paired change + 
1.5% 2.496 RE 1.5% —— 2496 SE 1.5% 24% 
msec 
RV, 237.5 229.2 —8.3 + 2.6" 219.8 212.4 E54 ce 1.5 203.4 139.1 —4.3 + 1.8 
LV, 240.7 230.7 —10.1 + 2.0* 222.5 213.7 EB ET ET 206.1 199.3 —6.8 + 1.7* 
LV, 232.2 228.1 —8.2 + 2.B* 218.5 211.6 Cue d ecl. 203.1 138.2 —4.9 + 1.6* 





* Anesthetic related change significant p = 0.05 (paired t-test). 
T Influence of anesthetic treatment significant p = 0.05 (ANOVA). 
§ Influence of His bundle pacing rate significant p = 0.02 (ANOVA). 


TABLE 4 


kean Ventricular Functional Refractory Periods during Basal Thiopental Anesthesia and Basal Thiopental Anesthesia Plus 
1.5% Halothane 


His bundle pacing rate (bpm)§ 


Groupll — 125 150 175 
N-6 M M ——— MÀ ——— 
Epicard:al re- Thiopen- Thiopen- Triopen- 
cording site Basal tal plus Paired change + Basal tal plus — Paigexd change + Basal tal plus Paired change + 
thiopental 1.596 hal- SE thiopental 1.5% hal- SE thiopental 1.5% hal- SE 
othane othane othane 
msec 
RV. 251.6 249.8 —1.7 + 2.6 232.8 229.5 —3.3 + 3.0 214.6 213.2 —1.5 + 2.0 
LV. 252.1 250.2 —1.9 + 4.6 232.5 229.9 —2.4 t 3.3 214.8 214.2 —0.7 + 2.4 
LV. 249.9 247.4 —2.5 + 4.2 229.8 229.7 —0.1 + 3.7 212.3 213.7 +11.3 + 3.3 





§ Influence of His bundle pacing rate significant p = 0.02 (ANOVA). 


“ABLE 5 


Effective Refractory Period of Ventricular Conduction System and Conduction Delays at Effective Refractory Period at Two 
Levels of Halothane Anesthesia 


Effective refractory period Conduction Delayjj at effective refractory period 
Group | 
N=8 Vol % halothane Vol % Halothane] 
Pacing rate ———— oe. Paired change + SE. ee Oe — Pared change + SE 
1.5% 2.4% 1.5% 2.4% 
beats/min msec 
125 187.2 182.8 —4.4 + 3.5 58.0 51.6 —6.4 + 3.9 
150 178.4 175.4 —3.0 + 2.2 47.3 41.1 —6.2 + 2.5* 
175 168.9 168.1 —0.8 + 2.2 40.7 35.1 —5.6 + 2.9 


* Aresthetic related change significant p = 0.05 (paired t-test). 
| Influence of location of site not significant (ANOVA); site averaged values shown. 
{ Influence of anesthetic treatment 0.05 = p x 0.07 (ANOVA). 


Conduction delays at the effective refractory period — anesthes-a was associated with significant increase in 
are also shown in Tables 5 and 6. Change to the CDzn» by an average of 9.6 msec. 
higher halothane concentration in group I was con- 


sistently associated with a decrease in CDzgrp. The Discussion 
average decrease, 6.1 msec, was not statistically sig- Recent studies have demonstrated that halothane 
nificart ( p = 0.07) but would have reached signifi- ^ prolongs H-V intervals at high concentrations*? but 


cance had the average change been 6.2 msec. In does not prolong H-V intervals when given to animals 
zontrast, the addition of halothane to basal thiopental initially anesthetized with pentobarbital.° In the cath- 
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TABLE 6 


Effective Refractory Period of Ventricular Conduction System and Conduction Delays at Effective Refractory Period during. 
Basal Thiopental Anesthesia and Basal Thiopental Anesthesia Plus 1.5% Halothane 





Effective refractory period 


Conduction delayll at effective refractory period 


Group il 
N=6 Thiopental plus : Thiopental 
Pacing rate Besal thiopental 1.596 halo- Paired change + SE Basal as plus 1.5% hal- Paired change + SE 
thanet othanet 
M — ——Q—— a a M Mc Tt ee ee 
beats/min msec 
125 206.8 194.7 —12.2 + 4.6* 52.9 67.0 7014.1 + 4.1 
150 188.2 179.8 —8.4 + 2.0* 52.7 61.1 +8.4+ 4.8 
175 178.4 171.8 —6.6 + 1.6* 43.1 49.4 +6.3 + 4.1 





* Anesthetic related change significant p = 0.05 (paired t-test). 


t Influence of anesthetic treatment significant p = 0.05 (ANOVA). 
| Influence of location of site not significant (ANOVA); site averaged values shown. 


eter recording techniques used in these studies, the 
H-V interval represents the portion of the P-R interval 
required for conduction of descending impulses from 
the His bundle through the His-Purkinje system to 
the interventricular septum. It is possible that the 
difference in results could be explained by a slight 
change in catheter position or by the different meth- 
ods used to define the onset of septal activity in the 
two laboratories,” as well as by the presence of basal 
barbiturate anesthesia in one of the groups of animals, 

We elected to reexamine the effects of halothane 
on ventricular conduction in the presence and absence 
of basal barbiturate anesthesia. The direct measure- 
ment technique employed in the present study is not 
subject to variations in catheter placement or inter- 
pretations of the onset of septal activity. This invasive 
technique provided the opportunity to assess halo- 
thane dose-related changes in ventricular conduction 
during both atrial and His bundle paced rhythms. In 
addition, a His bundle extrastimulus technique could 
be applied to assess changes occurring in the refrac- 
tory periods of the ventricular conduction system. 
Thus, the methods used permitted evaluation of the 
hypothesis that halothane may simultaneously de- 
press conduction and shorten refractory periods in 
the ventricular conduction system in a manner con- 
sistent with the actions of halothane on Purkinje 
fibers in vitro. 

Interpretation of <he present findings is limited in 
several respects. The experiment was not designed to 
determine differences in conduction and refractori- 
ness between the control states of the two groups. 
Thus there was no significant difference between 
mean epicardial activation times or functional refrac- 
tory periods of the group | animals at 1.5% halothane 
concentration and the group II animals during basal 
thiopental anesthesia (Students t-test for groups of 
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different sample size). It was necessary to employ the 
paired design and variance analysis within each group 
due to the large between animal variations of all 
parameters. Changes in latency, the time required for 
the pacing stimulus to initiate a propagated His bun- 
dle response, may have influenced the determination 
of the effective refractory period and conduction de- 
lays at the effective refractory period; however, 
changes in latency do not influence the measurement 
of functional refractory periods in the ventricular 
conduction system in vitro. Finally, although certain 
dose-related changes in the parameters measured 
were observed in each group, the changes are not 
necessarily due to direct effects of halothane. Changes 
in systemic blood pressure, ventricular volume, 
plasma ionic composition, blood pH, and Pco, and 
changes in cardiac autonomic efferent activity were 
not systematically studied in this preparation but may 
have important influences on the parameters meas- 
ured. 

The functional significance of the conduction inter- 
vals and refractory periods measured deserves com- 
ment. The epicardial activation times determined in 
this study are analogous to H-V interval measure- 
ments with the exception that the EAT includes the 
time required for transmural conduction of the cardiac 
impulse from the endocatdial Purkinje fibers to the 
epicardial recording sites. The effective refractory 
period is the interval between the last of a series of 
paced beats and the earliest premature His bundle 
stimulus which was able to propagate through the 
ventricular conduction system and activate the ven- 
tricles. At short coupling intervals premature His 
bundle stimuli are delayed or blocked as they en- 
counter residual refractoriness in the wake of the 
previous paced beat at areas of maximal refractory 
period duration in the ventricular conduction sys- 
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tem.* ? In vivo, this occurs at a proximal major bundle 
b-anch level and the phenomenon is responsible for 
aberrant. ventricular conduction of premature His 
bandle stimuli. !? The functional refractory period 
was defined as the minimum interval between epicar- 
d.al responses to the last of a series of paced beats 
and the following premature stimulus. In vitro, meas- 
urements of functional refractory periods reflect the 
refractory period duration of the Purkinje fibers at 
the areas of maximal refractory period duration be- 
trveen the stimulation and recordings sites.? 

The theoretical significance of these refractory pe- 
rods may be related to their influence on the con- 
duction of premature impulses from the bundle of 
His. Myerberg et al? have suggested that the ventric- 
ular conduction system protects against fibrillation by 
limiting the prematurity at which descending im- 
pulses traverse the ventricular conduction system to 
enter the more slowly conducting myocardium. Con- 
cuction delays at the effective refractory period 
(ZDznr) were measured in the present study to assess 
tne ability of the ventricular conduction system to 
celay activation of the epicardium by the earliest 
propagating His bundle stimulus. 


The results in group I indicate that there was both | 


depression of conduction and shortening of refractory 
period durations in the ventricular conduction system 
&ssociated with change in halothane concentrations 
trom 1.5% to 2.4%. The prolongation of epicardial 
activation times, a few milliseconds, was similar to 
the H-V interval prolongation noted by Atlee et al? at 
2 and 3 MAC (minimal alveolar concentration) halo- 
thane anesthesia. Our findings, using an independent 
method, confirm the observation that halothane de- 
dresses ventricular conduction in vivo. The decrease 
in functional refractory periods observed with change 
"rom 1.5% to 2.4% halothane, about 7 msec, was small 
:n comparison with the decrease in FRP found with 
ncreasing His bundle pacing rate. There was also no 
zhange in the effective refractory period and decrease 
.n conduction delay of the most premature His bundle 
stimulus able to propagate'to the ventricles. These in 
vivo findings are consistent with the reported effects 
of halothane on Purkinje fibers in vitro. They also 
support the hypothesis that halothane may facilitate 
the occurrence of reentrant arrhythmias in vivo by 
depressing conduction and shortening refractory pe- 
riods in the ventricular conduction system. 

The results in group II were obtained in the pres- 
ence of basal thiopental anesthesia. The absence of 
prolongation of epicardial activation times upon ad- 
dition of 1.5% halothane to basal thiopental anesthesia 


was similer to the absence of prolongation of H-V 
intervals roted by Morrow et al? with the addition of 
1% or 2% malothane to basal pentobarbital anesthesia. 
There was no change in functional refractory periods, 
but a decease in the effective refractory period and 
increased conduction delay of the most premature 
His bundE stimulus able to propagate to the ventri- 
cles. In vtro, pentobarbital is not associated with 
significan- alterations of Purkinje f:ber action poten- 
tials." 

In summary, the dose-related effects of halothane 
on conduction and refractoriness in the ventricular 
conduction system were determined in an open chest 
canine model. A change in halothane concentration 
from 1.5% to 2.4% was accompanied by evidence of 
depressec conduction, shortened ventricular func- 
tional ref-actory periods, and less delay of epicardial 
activation by the most premature propagating His. 
bundle extrastimulus in a manner consistent with the 
reported actions of halothane cn Purkinje fibers in 
vitro. In -:ontrast, the addition of 1.5% halothane to 
basal thicpental anesthesia was not accompanied by 
evidence 5f depressed conduction or altered ventric- 
ular funcional refractory periods. However, the ef- 
fective re ractory period of the ventricular conduction 
system decreased, and there was increased delay of 
epicardia activation by the most premature propa- 
gating HĀ bundle extrastimulus. The results confirm 
previous ~eports that halothane depresses ventricular 
conducticn in a dose-related manner and that halo- 
thane apoarently does not depress ventricular con- 
duction when it is added in moderate concentrations 
to basal >arbiturate anesthesia. The findings in the 
absence >f basal barbiturate anesthesia support the 
hypotheses that halothane may facilitate the occur- 
rence of -eentrant ventricular arrhythmias in vivo by 
simultan-ously depressing conduction and shortening 
refractor~ period durations in the ventricular conduc- 
tion system. 
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Blood Flow during Cardiopulmonary Resuscitation 


Despite the widespread clinical application of cardiopulmonary resuscitation (CPR), the mechanism 
responsible for blood flow during this maneuver remains undefined, although it has been assumed 
that blood is squeezed from the heart by direct compression of the sternum. The hemodynamics of 
CPR was studied in 15 arrested dogs. During chest compression, pressures in the left ventricle, aorta, 
right atrium, and pulmonary artery were essentially identical. These pressures were also equal to the 
intrathoracic pressure as estimated by an esophageal balloon catheter. Unequal transmission of 
pressures to the extrathoracic arterial and venous system resulted from collapse of the great veins at 
the thoracic outlet as intrathoracic pressures rose. This phenomenon gave rise to a peripheral 
arteriovenous pressure gradient and antegrade flow. When intrathoracic pressure was increased by 
maintaining the lungs fully inflated during chest compression, aortic systolic pressure rose from 27.3 
+ 4.0 mm Hg to 58.4 + 7.9 mm Hg (p < 0.001), and carotid blood flow increased from 9.0 + 2.2 ml/ 
min to 28.6 + 5.9 ml/min (p < 0.001). Increasing the intrathoracic pressure by tightly binding the 
abdomen to prevent paradoxical diaphragmatic motion during chest compression also resulted in an 
increase in aortic systolic pressure, from 29.4 + 3.2 to 57.7 + 7.7 mm Hg (p < 0.001), and an increase 
in carotid blood flow, from 14.5 + 8.1 ml/min to 32.3 + 9.7 ml/min (p « 0.005). It appears that 
pressure generation and blood flow during CPR in the dog result from a generalized rise in 
intrathoracic pressure, not from direct cardiac compression. Maneuvers that raise the intrathoracic 
pressure can dramatically increase carotid blood flow during CPR. (Rudikoff MT, Maughan WL, 
Effron M, et al: Mechanisms of blood flow during cardiopulmonary resuscitation. Circulation 61:345- 
352, 1980) 
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£. number of clinical investigators have found that low molecular weight (LMW) dextran pro- 
longs the action of local anesthetics on peripheral nerve. Other reports indicate no significant 
change in duration with these combinations. We performed a series of experiments to deter- 
mine if LMW dextran interacted with lidocaine or bupivacaine so that the duration of block 


would be enhanced. Millipore filtration, equilibrium dialysis, and membrane ultrafiltration were 
performed with '*C-lidocaine in the presence and absence of LMW dextran to determine 

whether any binding existed between LMW dextran and lidocaine which might prolong a block 
Ey retarding the egress of the local anesthetic. In all cases, the lidocaine crossed the 8,000 to 
10,000 molecular weight barriers as quickly with LMW dextran as without it. To confirm these 


f ndings in vivo, '*C-lidocaine, with and without 5% LMW dextran, was infused into the 
infraorbital nerve of rats. Thirty minutes after the block was established, the animals were 
killed and the nerves removed and sectioned. The amount of lidocaine still present was the 
same whether or not LMW dextran was added. If the amount of lidocaine present is not 
eltered, then its effect must be enhanced if a prolonged block is to be produced. Increased 
refractory period would increase the effect of a given concentration of lidocaine or other local 
anesthetic on the transmission of noxious stimuli. LMW dextran 596 did not increase the block 
of 0.25 mM lidocaine on frog sciatic in vitro at frequencies from 1 to 100 Hz. Direct assess- 
ment of the effect of LMW dextran was made by injecting 1 mg of bupivacaine or 2 mg of 

| docaine with or without 5% LMW dextran into the rat maxillary nerve and assessing the 
curation of nerve block. In both cases, block duration was the same whether or not dextran 
was added. These data suggest that LMW dextran does not affect the kinetics of lidocaine nor 
coes it enhance the action of lidocaine or bupivacaine in other ways, and thus these data 
support the findings of those who see no prolongation of action when LMW dextran is added 


to lidocaine or bupivacaine. 


Key Words: ANESTHETICS, Local: dextran interactions; BLOOD: dextran-local anesthetic interactions. 


HETHER or not the duration of local anes- 

thetic action is prolonged by the addition of 
Dow molecular weight (LMW) dextran is controversial. 
Bridenbaugh! found 596 LMW dextran prolonged by 
only 596 the duration of intercostal nerve block pro- 
duced by 0.37596 bupivacaine. Contrarily, Kaplan et 
zl? reported a 200% increase in the duration of inter- 
costal block when dextran was added to 0.75% bupi- 
vacaine. Similar discrepancies have occurred when 
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LMW dextran has been combined with other local 
anesthetics. In an attempt to resolve these discrepan- 
cies, we used a number of in vivo and in vitro 
preparations to evaluate the possible interactions be- 
tween LMW dextran and local anesthetics. The tests 
were chosen for their pertinence to the question and 
their ability to give objective, reproducible answers. 
It was hoped that the results would collectively pro- 
vide data for or against the possible ability of dextran 
to modify local anesthetic action. If dextran were 
found to influence this action, then fuller appreciation 
of the mechanism might allow us to understand the 
seemingly inconsistent results cf clinical studies and 
so manipulate these mechanisms to prolong local 
anesthetic drug action. 
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DEXTRAN-LOCAL ANESTHETIC INTERACTIONS 


Materials and Methods 


Millipore Filtration 


A mixture of 26 mm “C-lidocaine-HCl (1.9 x 107 
uCi/mmM}, 1:1 (v/v), and LMW dextran (10% w/v), or 
2 mM bovine serum albumin (BSA), or distilled water 
was incubated at 37 C for 15 minutes. Samples were 
then filtered across a Millipore pellicon membrane 
disc (10,000 MW cutoff), and the discs washed three 
times with distilled H3O. Filters were dried and placed 
face up in 5 ml of Aquasol II LSC cocktail (New 
England Nuclear) and counted on a PRIAS LSC (Pack- 
ard Instruments) for 10 minutes. Counts were cor- 
rectec. for background and nonspecific quenching. 


Equilibrium Dialysis 


A mixture of 26 mm "C-lidocaine-HCl (1.9 x 10? 
pCi/mw), 1:1, and either 10% LMW dextran, 2 mM 
BSA, or distilled H:O. Two milliliters of solution was 
placed inside an 8-cm length of 0.75-cm diameter 
dialysis tubing (VWR Scientific 8,000 MW cutoff), 
suspended in 48 ml of distilled H2O, and equilibrated 
for 24 hours at 37 C. Two 1-ml aliquots from inside 
and outside the dialysis tubing were added to 5 ml of 
Aquasol Il and counted. Counts were corrected for 
background and quenching. 


Membrane Ultrafiltration 


LMW dextran (10%), H;O, or 2 mm BSA were 
mixed 1:1 with 10 um or 25 mm “C-lidocaine (2.2 X 
10? pCi). Five milliliters of solution was placed inside 
l4-in dialysis tubing (VWR Scientific 8000 MW cut- 
off) and suspended inside a 12-ml conical tube, held 
in place by a ground-glass stopper. The tube was 
centrifuged at 500 X g for 2 hours in a clinical bench 
centrifuge at 20 C. Aliquots (1 ml) were removed from 
the tubing; the ultrafiltrate was collected from the 
centrifuge tube, and both were counted in Aquasol II. 


In Vivo Kinetics 


Sprague-Dawley rats (300 to 400 g) were lightly 
anesthetized with pentobarbital (10 mg IP). LMW 
dextran (10%) was mixed 1:1 with “C-lidocaine 1% 
(w/v), and 0.2 ml of this mixture (2 mg of lidocaine 
with 5 X 10 ? uCi) was injected about the infraorbital 
nerve using a 30-gauge needle guided by a metal 
mouth jig as described previously by Fink et al? 
Sensory block was always established within 1 min- 
ute, thus confirming accurate placement of the local 
anesthetic. Thirty minutes after the block was estab- 
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lished, the animals were killed and a 16-mm section 
of the infraorbital nerve in the vicinity of the injection 
site was removed and divided into four 4-mm sec- 
tions. The nerve was washed in 0.9% NaCl to remove 
drug not bound to tissue. The sections of nerve were 
solubilized in 0.5 ml of solvene 350 (Packard Instru- 
ments) and counted in 4.5 ml of Aquasol II. 


Frequency Effect 


Northern Rana pipiens frogs were decapitated and 
pithed, and the sciatic nerve was carefully dissected 
from adjoining muscle and connective tissue from the 
spinal cord to the lower part of the leg. Nerves were 
kept moist by application of frog Ringer’s solution 
(100 mM NaCl, 2.5 mm KCl, 1.8 mm CaCle, 111 mM 
glucose, and 10 mm Na'*-phosphate buffer, pH 7.2) 
and the outer sheath of connective tissue (epineurium) 
was removed with fine needles under a dissecting 
microscope while the field was illuminated by indirect 
fluorescent light. Nerves were placed in a sucrose-gap 
nerve chamber containing five 9-mm sections sepa- 
rated by Vaseline seals. Ringer’s solution was placed 
in each section except in the section between the 
recording electrodes which contained isotonic su- 
crose. Drug or Ringer’s solution was perfused through 
the chamber between stimulating and recording elec- 
trodes at a rate of 20 ml/hr. Drug consisted of 0.25 
mM lidocaine in frog Ringer's or 0.5 mM lidocaine in 
frog Ringer's mixed 1:1 with LMW dextran (v/v) 1096 
(w/v). To determine the frequency dependence of 
drug block, a computer (Digital Declab 11/03) was 
programmed to deliver a train of pulses logarithmi- 
cally increasing from 1 Hz to 100 Hz in 10 seconds. 
Output pulses were stretched by a pulse shaper and 
used to trigger a stimulus isolation unit (Digitimer 
LTD, model DS2) which controlled the stimulus am- 
plitude (0.5 to 1.0 V) and duration (0.1 millisecond). 
Compound action potentials were amplified (Tektro- 
nix AM502) and displayed along with the stimulus 
train on oscilloscope (Tektronix 5111). Relevant trains 
of compound action potehtials were stored and pho- 
tographed (CSB oscilloscope camera Tektronix) (see 
Fig 1). 


Duration of Nerve Block in Vivo 


Male Sprague-Dawley rats weighing 300 to 400 g 
each were given intraperitoneal injections of 10 mg of 
sodium pentobarbital after a light ether induction. 
Additional pentobarbital was given, if necessary, until 
the righting reflex was lost. Bupivacaine-HCl 0.75% 
or lidocaine-HCl 2.0% was mixed 1:1 (v/v) with LMW 
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=1G 1. Upper trace in each section, train of stimuli; lower trace, 
train of action potentials; upper section, control; lower left, 0.25 
mM lidocaine in Ringer's solution, lower right, 0.5 mM lidocaine 
n Ringer's solution mixed 1:1 with LMW dextran. See text for 
details. 


dextran 10% (w/v) or deionized water. An injection 
of 1 mg of bupivacaine (0.26 ml) or 2 mg of lidocaine 
(0.2 ml) with or without dextran was given about the 
maxillary nerve through a 30-gauge needle guided to 
the nerve by a metal jig positioned on the roof of the 
mouth by the molar? The contralateral maxillary 
nerve was used as a control throughout the experi- 
ment. Block was tested by stimulating the lip/whisker 
area innervated by the maxillary nerve on experimen- 
tal and control sides and observing whether the stim- 
ulus produced a contraction of abdominal muscles or 
not. Stimulation consisted of 1 to 10 V, 6-millisecond 
square wave pulse trains (two pulses per second for 
5 seconds) produced by a Grass 548 stimulator trig- 
gering a stimulus isolation unit (DS-2, Digitimer Ltd) 
delivered through bipolar electrodes (two 30-gauge 
needles 2 mm apart). The response was quantitated 
by recording the electromyogram (EMG) from mus- 
cles of the abdominal wall and displaying it on a 
Tektronix 5111 oscilloscope after amplification (Tek- 
tronix AM502 differential amplifier). Comparison of 
the EMG response produced by stimulating the con- 
trol side and treated side allowed an accurate deter- 
mination of the duration o€ maxillary nerve block (see 
Fig 2). 


Results 


Millipore Filtration 


Results are summarized in Table 1. Dextran, which 
is too large to cross the Millipore filter, did not 
increase the amount of lidocaine trapped by the filter, 
whereas albumin, which is known to bind lidocaine, 


did. 
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FiG 2. Upper trace, train of stimuli; lower trace, abdominal wall 
EMG activity. First two trains of stimuli are applied to the side 
injected with 0.75% bupivacaine and last three trains are to 
control unanesthetized side. See text for details. 


TABLE 1 


Effect of Dextran and Albumin on Millipore Filtration of '^C- 
Lidocaine* 








Bound CPM 
'^C-lidocaine 242 (2) 
'^C-lidocaine-dextran 203 (2) 
'^C-lidocaine-albumin 1,936 (2) 





* Values are means of two experiments. CPM, Counts per 


Effect of Albumin and Dextran on Equilibrium Dialysis of 
'"^C-Lidocaine* 








CPM inside CPM outside 
'^C-lidocaine 1,853 + 95 866 + 30 
'^C-lidocaine-dextran 1,847 + 126 957 + 32 
'^C-lidocaine-albumin 2,820 + 53 991 x 13 





* Values are means of four determinations + SD. 


Equilibrium Dialysis 


Results are summarized in Table 2. The LMW 
dextran-lidocaine sample showed a 196 decrease in 
counts per minute (CPM) bound inside the tubing 
compared to control values while the albumin-lido- 
caine sample showed a 54% increase in bound counts 
per minute compared to control values. The increased 
total counts appear to result from the ability of albu- 
min to compete with the dialysis membrane as a 
binding site for lidocaine. 


Membrane Ultrafiltration 


Results are summarized in Table 3. Again the LMW 
dextran-lidocaine mixture is kinetically essentially the 
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CPM inside 


 "Cidocaine 








* Values are means of four determinations SD. 


same as the water-lidocaine combinations, whereas 
albumin binding shows a distinct effect. This and the 
previous two studies indicate no binding between 
LMW dextran and lidocaine. The additional concen- 
tration of lidocaine (10 uM) was to assure that we were 
not missing small effects due to saturation of dextran. 


In Vivo Kinetics 


Results are summarized in Table 4. There was no 

significant difference in the kinetics of lidocaine on 

^. . peripheral nerve in the presence or absence of dex- 
. tran — 


Frequency Effect 


. 1:8 can be seen in Fig 1, 0.5 mM lidocaine had no 
. greater effect on frequency response with the dextran 
than without it, 


In Vivo Block 


Results are summarized in Table 5. The onset time 
refers to the period from the injection of the anesthetic 
to the loss of EMG response on the treated side (see 

Fig 2). Duration of anesthesia represents the time 
from the onset of the block to the time when the 
EMG response from the control and treated sides 
were again similar. There was no statistically signifi- 

— cant effect of LMW dextran on either onset or dura- 

: tion of nerve block produced by bupivacaine or lid- 

.. ocaine. 


Discussion 


The doubling or tripling of the duration of action 
.. Of a long-acting local anesthetic such as bupivacaine 
--.. would greatly enhance our ability to deal effectively 
^0 with acute and chronic pain. Profound relief from 
-. pain of upper abdominal surgery or thoracotomy can 
~~ be achieved with intercostal block but the lack of 
-.-- ultra-long-acting local anesthetics has kept the full 
— potential of this and other nerve block techniques 

= from being realized. We were unable, however, to 
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t of Ibumin and Dextran on Membrane Ultrafiltration of '^C-Lidocaine* 
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CPM outside 













outside 


8,987 £369 





CPM inside — 





.."Qdidocaine - 6,442 + 43 10,236 + 638 8.039 + 26 - : 
— . ."Cdidocaine-dextran - 6,384 + 110 10,909 + 757 7,558 +30 | ^ 89454282 
 "C-lidocaine-albumin 9,433 + 244 7,215 + 343 9,474 X 100  -— 8,460 X236  . 





TABLE 4 


In Vivo Kinetics of '^C-Lidocaine and '^C-Lidocaine-Dextran 
Mixture* 


Bound lidocaine (ng)/tissue (mg) in section 


1 2 3t 4 
Lidocaine 282 t 73 450 + 107 1,086 + 381 2,000 + 662 
Lidocaine- | 313 x94 559 + 189 964 +350 2,076 + 337 
dextran 





* Values are means of seven determinations + SD. 
t Approximate injection site. 


TABLE 5 


Effect of Dextran on Bupivacaine and Lidocaine Anesthesia 
of Rat Maxillary Nerve* 





Duration 
-of block 


Onset 


Treatment Gb bindk 





134 min * 24 sec (5)* 
131 min + 26 sec (6)+ 


1 min + 2 sec 
1 min + 2 sec 


Bupivacaine (1 mg) 

Bupivacaine (1 mg) + 
LMW dextran 

Lidocaine (2 mg) 

Lidocaine (2 mg) + LMW 
dextran 


1 min «+ 1 sec 
1 min + 1 sec 


105 min + 23 sec (5) 
102 min x 10 sec (5) 


* Values are means + SD. Number of animals is shown in parenthe- 
Ses. 


tp value for the bupivacaine groups is 0.999 as calculated by 
Student's t-test. 
i p value for the lidocaine group is 0.997. 


discover any effect of LMW dextran on local anes- 
thetics. In three in vitro and two in vivo preparations, 
we could find no evidence that LMW dextran directly 
or indirectly affects the kinetics of action of local 
anesthetics on peripheral nerve. “C-lidocaine moved 
across dextran barriers just as easily in the presence 
or dextran as in its absence. Furthermore, dextran had 
no effect on the rate at which "C-lidocaine concen- 
tration decreased at the site of injection. 

The lack of influence of dextran on the kinetics of 
local anesthetics also indicates that dextran has no 
vasoactive properties. Other evidence for this is the 
lack of hemodynamic changes seen when dextran is 
given in large doses by vein (for improvement. of 
microcirculation). Dextran has been shown not to 
have any local anesthetic activity.” We confirmed this 
in our in vitro frog sciatic preparation and further 
showed that dextran did not enhance the blocking 
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action of lidocaine at low or high frequencies. The 
lack of frequency effect indicates that dextran does 
not enhance the ability of a local anesthetic to block 
noxious stimuli. 

Does LMW dextran cause changes in the pH value 
or osmolarity of interstitial fluid, which in turn might 
affect local anesthetic action? We conclude that LMW 
dextran probably does not cause such changes. Dex- 
tran is a sugar and does not ionize at physiologic pH. 
Therefore, it should have little if any effect on inter- 
stitial pH even though the pH of dextran 40 is 8. 
Likewise, the 50-g/L of dextran in the 1:1 mixture of 
10% LMW dextran and local anesthetic increases the 
osmolality by only 1.25 mosmol (less than 0.596 of 
normal interstitial fluid). 

In order to eliminate the possibility of other un- 
known mechanisms, we simply determined the du- 
ration of infraorbital block in 21 rats. The method 
used has a discrete and objective end point. Even 
though the number of experiments was relatively 
small, the results were so consistent that, according to 
Student's t-test, there is only one chance in 1000 that 
the mean duration of bupivacaine anesthesia was not 
the same whether LMW dextran was present or not. 
This value is three in 1000 for lidocaine. The rapid, 
consistent onset times indicate accurate placement of 
the drug. 

Binding of a local anesthetic drug to LMW dextran 
or some other complex would also retard its uptake 
and thus change the duration of anesthesia because 
binding would reduce the amount of drug available 
for interaction with the nerve. We found this to be 
the case with albumin but not dextran. Maxillary 
block with 1 mg of bupivacaine in 1 mm albumin had 
half the duration as the same block with 1 mg of 
bupivacaine in 576 LMW dextran or normal saline. 
We conclude that dextran has little if any effect on 
the action of local anesthetics. 

What about the clinical studies? Were they wrong? 
Kaplan et al? found a 200% increase in intercostal 
block duration when 1096 dextran was added (1:1) to 
0.75% bupivacaine. Other$ have not observed such 
results. Bridenbaugh! found that the same combina- 
tion of drugs increased the duration of intercostal 
block in man only 5% above that attained without 
dextran. The block techniques were different in the 
two studies (Kaplan et al used pinprick and Briden- 
baugh used Allis forceps pinch), but it is unlikely that 
either of these factors caused the disparity in outcome. 
Otherwise, the results with bupivacaine without 
LMW dextran would not have been so close together 
in the two studies (Kaplan et al, 12 hours; Briden- 


baugh, 12 hours 10 minutes). There were, however, 
two differences in these studies that were Dossibly 
significan . First, Kaplan et al had only six patients in : 
each grotp; Bridenbaugh had fifty-seven patients. 


. Second, Eridenbaugh’s patients served as their own 


controls ky having a different combination on each 
side, the ede in which the dextran was injected being 
determined by a random selection table. Tne large 
number ef patients, the internal control, and the 
random selection. all make Bridenbaugh’s study 
highly creditable. 

Other Fuman studies show less increase in duration 
of anesthe sia with addition of LMW dextran chan did 
the study of Kaplan et al. Chinn and Wirjoatmadja? 
found tha dextran prolonged the action of tetracaine 
only 1096 to 2096 in blocks of the ulnar nerve. Also 
using ulrar nerve blocks, Nolte et al? found the 
duration 5f block with mepivacaine was increased 
30% to 4C26 by dextran. This is far less than the 200% 
reported >y Kaplan et al. | 

A mos: extensive and enlightening human study 
was that oy Kromer’ in which bilateral ulnar nerve 
blocks were given with a local anesthetic on one side 
and the :ame concentration of the local anesthetic 
with 3% cextran (60,000 MW) on the other side. The 
duration >f analgesia, motor block, and temperature 
rise (>1.£ C) was then measured. The relevant data 
for lidocaine and bupivacaine are summarized in Ta- 
ble 6. An increase in lidocaine's sensory block of 42% 
was found ( p « 0.001) but the increase was only 596 
for bupivacaine ( p > 0.20). The findings for dextran 
resemble those of adding epinephrine to a local an- 
esthetic (Tucker et al’), i.e., the short-acting drugs are 
affected to a greater extent than the long-acting drugs. 
But we could find no evidence that dextran had any 
effect on kinetics, which is the presumed method by 
which epmephrine works to prolong anesthetic action. 
Even move perplexing is the fact that neither we nor 
others? could show any prolongation with lidocaine 


TABLE 6 


Effect of [ extran on Duration of Ulnar Nerve Block with 
Bupivacai e and Lidocaine (adapted from Krómer') 


Black Without With p value" 
dextran dextran 


Bupivacaine 


Sensory 579.81 + 93.8 613.7 + 129.6 20.20 
Motor 593.0 + 90.6 602.8 + 131.9 >0.20 
Sympath «tic 607.83 + 115.0 633.8 + 115.8 20.20 
Lidocaine 

Sensory 76.8 + 8.2 108.2 + 13.4 «0.001 
Motor 82.2 : 15.1 99.8 + 22.9 <0.10 
Sympath stic 88.8 + 19.0 425.0 + 11.5 <0.005 
* p values calculated from Krómer." 
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in the rat maxillary preparation. Of note here is the 
fact tnat in Kromer’s ulnar nerve experiments the 
bupivacaine block was approximately seven times 
longer than the lidocaine block, whereas in the rat 
maxillary preparation there was only a 20% increase 
with bupivacaine. The shorter duration seems likely 
to be a function of rapid uptake in the more vascular 
maxillary area. Perhaps no effect is seen from the 
dextran because it is also taken up rapidly. In the 
ulnar nerve block the dextran may be present long 
enough to affect lidocaine’s action but gone when the 
bupivacaine begins to wear off. In other words, dex- 
tran must be present to exert an effect on neural 
conduction, and its relative absorption (relative to 
lidocaine, that is) is faster in the maxillary area than 
in the ulnar nerve area. If this is the case, then dextran 
must have an effect which we, and others, have been 
unable to detect. 

In summary, we found that LMW dextran does not 
influence the in vitro or in vivo kinetics of local 
anesthetics, that LMW dextran is not a local anes- 
thetic, and that LMW dextran neither enhances nor 
inhibits the action of local anesthetics on peripheral 
nerve. These findings are in agreement with those of 
Brider:baugh’ and Kromer,’ i.e., the addition of LMW 
dextran to bupivacaine for the prolongation of block 
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is not justified. Although the prolongation of other 
local anesthetics such as lidocaine, mepivacaine, etc, 
is still in doubt, the point is moot, as the desired 
results can be achieved with bupivacaine. 
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Changes in Respiratory Pattern 
Affect Dead Space/Tidal Volume 


Ratio during Spontaneous but not 
during Controlled Verttilation: 
A Study in Pediatric Patients 


D. K. Rose, MD,” and A. B. Froese, MD, FRCF (C)t 


Fose, D. K., AND FROESE, A. B.: Changes in respiratory pattern affect dead space/tidal 
volume ratio during spontaneous but not during controlled ventilation: 3 study in pediatric 
catients. Anesth Analg 59:341-349, 1980. 


F is assumed in many gas exchange equations that dead space (Vp) is a constant fraction of 

t dal voume (V4) during anesthesia despite variations in respiratory pa tern. We tested this 
essumption by measuring Vo/V- ratios, using samples of mixed expired gas and arterial blood 
in 20 healthy anesthetized children (aged 1 to 17 years), divided into fhree groups. Group 1 
was intubated; ventilation was controlled; total minute ventilation was Leld constant; and 
f'equency (f) varied from 10 to 30/minute. Group 2 was intubated; breathing was sponta- 
neous; and pattern was altered from fast and shallow to slow and deer. Group 3 was given 
mask anesthesia; breathing was spontaneous; and Vp/V1 was measur2d at fast frequency 
only. The inter-relationships of dead space to tidal volume varied with -he type of ventilation. 
I. grouo 1 Vp increased in direct proportion to Vz (mean slope 0.25 + 0.05; p «0.001). In 
group 2, Vp was smaller and remained constant despite alterations in fidal volume (mean slope 
0.09 + 0.09; p > 0.05). Although Vp/V: at the fast frequency was similar in the two groups, 

i e., 0.35 in group 1 (f = 30) and 0.36 in group 2 (f = 35.6), differences became evident at 
slower frequencies. For a 50% reduction in frequency, Vp/V1 decreased only 15% during 
controlled ventilation, but 4196 during spontaneous respiration. Durinc mask anesthesia 
(group 3) Vp/V4 at a mean frequency at 29.4 was 0.55. For group 2 V5 per kilogram was 
related to age by the equation Vp/kg = 1.72 — 0.06 (age in years) m at the fast frequency of 
35.6 (n = 7; r = 0.73). The equation at a slower frequency of 23.2 was not significantly 
different. During mechanical ventilation the dead space volume was always larger than during 
spontaneous breathing and in addition was rate dependent. At f = 30 Vp/kg = 2.78 — 0.10 
tage in years) ml (n = 7, r = 0.80); at f = 10, Vp/kg = 6.74 — 0.25 tage in years) mi (n = 7; 
r = 0.83). These measurements demonstrate that in children with spontaneous respiration, 
increases in tidal volume are distributed to perfused lung regions with a net decrease in Vp/V- 
tatio. In contrast, with controlled ventilation wasted ventilation increasss as V4 is increased 
with no net change in Vp/V; ratio. 


Key Words: VENTILATION: pediatric; ANESTHESIA: pediatric. 
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PEDIATRIC RESPIRATORY PATTERNS 


LTHOUGH wasted ventilation is an important 
factor affecting the adequacy of gas exchange, 
dead space has not been carefully measured in chil- 
dren during general anesthesia. Instead we rely on 
data extrapolated from adults! and dogs? which indi- 
cate that dead space varies proportionally with tidal 
volume. These two studies indicate that dead space 
volume increases with increasing tidal volume and 
decreases with decreasing tidal volume. Both studies 
conclude that the respiratory system maintains a con- 
stant ratio of dead space and tidal volume despite 
changes in breathing pattern so that the impact on gas 
exchange of increases or decreases in tidal volume is 
minimized. However, the respiratory patterns of these 
adults and dogs were quite homogeneous. The breath- 
ing pattern of anesthetized children is, however, sub- 
ject to wide variations in rate and tidal volume de- 
pending on the mode of ventilation, the degree of 
surgical stimulation. and the anesthetic. This made us 
question whether the maintenance of a constant ratio 
of dead space to tidal volume was a valid assumption 
in children. Therefore, in this study of healthy anes- 
thetized children, we measured the dead space as a 
function of tidal volume over a wide range of respi- 
ratory patterns. Ventilation was both controlled and 
spontaneous and measurements were made with both 
mask anesthesia and following endotracheal intuba- 
tion. 


Methods 


Following approval of the protocol by the Univer- 
sity of Toronto’s Human Experimentation Committee, 


ABBREVIATIONS 


Total dead space (ml) calculated using the Bohr 
equation corrected only for the volume of experi- 
mental apparatus used to make the measurements 

Essential anesthetic apparatus dead space (ml) in- 
cluding the endotracheal tube and the connector 
that are essential for interfacing the patient and an 
anesthetic circuit 

Subendotracheal tube (intrapulmonary) dead space 
(ml) = Vp E Vou 

Tidal volume (ml) 

Minute volume (ml/min) 

Ratio of total dead space to tidal volume 

Ratio of subendotracheal tube dead space to tidal 
volume 

Ratio of the duration of inspiration to that of expi- 
ration 

Frequency-breaths per minute 

Arterial carbon dioxide tension (torr) 

Mixed expired carbon dioxide tension (torr) 
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20 children (aged 1 to 17 years) were studied in the 
supine position during elective surgical procedures. 
Informed consent was obtained from a parent. Pre- 
operative Allen's tests confirmed the patency of both 
ulnar and radial arteries. All children were free from 
cardiopulmonary disease. 

Patients fasted at least 4 hours prior to induction of 
anesthesia and no premedication was used. Anesthe- 
sia was induced with intravenous thiopental (4 to 5 
mg/kg) to which atropine (0.02 mg/kg; maximum, 
0.6 mg) was added. Endotracheal intubation with an 
appropriately sized cuffed tube, if performed, was 
facilitated by succinylcholine (1 to 2 mg/kg). All tubes 
were precut for normal children to such a length as to 
position the distal tip midway between the larynx and 
carina with the proximal end 1 cm beyond the mouth. 
Nitrous oxide-oxygen (5096 mixture) and an inhala- 
tion agent (halothane or enflurane) with or without a 
narcotic (meperidine or fentanyl) were used to main- 
tain anesthesia during spontaneous ventilation. d- 
Tubocurarine or pancuronium bromide was admin- 
istered when ventilation was controlled. Each patient 
was monitored using a precordial stethoscope, blood 
pressure manometer, and rectal temperature probe. 
Intravenous fluids were administered throughout the 
procedure to replace the calculated preoperative def- 
icit and estimated surgical losses. After induction a 
22-gauge Teflon catheter was inserted into the radial 
artery and flushed intermittently with a heparin so- 
lution (1 unit/ml). 

During spontaneous ventilation the circuit in- 
cluded: a source of fresh gas which was drawn from 
a 5-L reservoir bag through a demand valve; a two- 
way Sierra valve (Sierra Engineering Co, Sierra 
Madre, CA), pretested at both high and low pressures 
for competence of the inspiratory and expiratory 
valves: a heated Fleisch pneumotachograph with au- 
tomatic integration of the flow trace, (#1; volume 12 
ml); and either a standard tight-fitting face mask or 
an endotracheal tube. The resistance of the entire 
circuit was 0.1 cm HeO/L/min. The ventilator, a 
Volgyesi? constant flow, volume-cycled ventilator, al- 
lowed passive expiration during controlled ventilation 
and the precise separation of inspired and expired 
gases. The ratio between the duration of inspiration 
and expiration (LE) was fixed at 1:2 for all patients 
and the flows and volumes were recorded by a pneu- 
motachograph placed between the ventilator valve 
and endotracheal tube. Flow pattern, tidal volume, | 
and frequency were recorded on a polygraph. 

Intubated patients were divided into two groups, 
those whose ventilation was controlled (group 1: n = 


E. 
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10, age = 8.7 + 5.6 years) and those who were allowed 
to breath spontaneously (group 2: n = 12, age = 7.8 
+ 4.6 years) The pattern of ventilation in seven 
children of both groups was deliberately altered dur- 
ing the surgical procedure. For the seven patients in 
group I (age = 7.6 + 5.5 years) the frequency and 
tidal volume were varied by adjusting the ventilator. 
All those patients were ventilated at frequencies of 
10, 15, and 30 breaths per minute and one patient at 
a fourth value of 40 breaths per minute. For each 
patient the total minute ventilation and ratio of inspi- 
ratory and expiratory duration were kept constant. In 
the children in group 2 halothane was used to produce 
a rapid shallow pattern of spontaneous ventilation. A 
slow deep pattern was achieved in seven of these 12 
patients (age = 9.3 + 5.3) using enflurane and a 
narcotic. In both groups 1 and 2 the fast frequency 
respiration was studied first in half the patients and 
in half a slow frequency was studied first. Differences 
within each group were evaluated using each patient 
as his own control. Statistical tests appropriate for 
unpaired data were used for comparisons between 
groups. 

In a third group of patients (group 3: n = 6, age = 
7.0 + 4.7 years), measurements were made during 
mask anesthesia, but only with the rapid shallow 
pattern of ventilation characteristic of halothane. We 
assumed the mask fit was air tight when the volumes 
of inspiration and expiration measured by the pneu- 
motachograph remained equal and steady throughout 
the measurement. Following these measurements all 
six members of this group were intubated and in- 
cluded in group 2. Measurements were made as fol- 
lows (see box for definition of terms). 

Vp = total dead space, namely that portion of the 
tidal volume that does not equilibrate with the pul- 
monarv blood. This includes anatomical, alveolar, and 
essential apparatus dead space. It was measured by 
the following version of the Bohr equation.* 


E VrPaco, — PEco,} 


V 
D 
Paco, 


— experimental apparatus 


Experimental apparatus = the extra apparatus used’ 
in this study which is not routinely used during 
anesthesia (i.e., Sierra valve and pneumotachograph). 
This volume was determined by water displacement. 

Since not all components of total dead space may 
respond the same way to changes in frequency and/ 
or tidal volume, wherever possible essential apparatus 
(Vp,,, and intrapulmonary (Vp,,) components were 
calculated separately as follows. 


Vp,,, VAS measured by water displacement. It in- 
cluded the appropriately sized endotracheal tube with 
its standa-d connector plus 2 ml allotted for connec- 
tion with an Ayre’s T-piece. 

Vp, (rtl) was obtained by subtracting Vp,,, from 
Vp. It reflects the intrapulmonary components of dead 
space distal to the endotracheal tube. It includes con- 
tributions from the volume of the conducting airways 
below th» endotracheal tube (residual anatomical 
dead space), and the alveolar dead space, i.e , alveoli 
which areeither overventilated or underperfused. The 
apparatus and intrapulmonary components were not 
separated. out during mask anesthesia because the 
functiona. dead space volume of a mask is impossible 
to measuxe accurately. 

Timed, in-phase collections of the arterial blood 
and expired gases were obtained in duplicate at sev- 
eral interzals throughout the surgical procedure. No 
collections were made until at least 20 minutes after 
induction to assure steady-state levels of alveolar 
nitrous ozide. Arterial blood drawn over a period of 
1 minute was stored on ice, analyzed in duplicate for 
pH, Pco,- and Po, on a blood gas electrode system 
(Corning Blood Gas Electrode System) and corrected 
to patien temperature. These electrodes were cali- 
brated using two known gas mixtures pricr to the 
analysis cf each blood sample. With this method the 
standard deviation for serial measurements of the 
arterial Cs tension on a single sample was 0.7 torr. 
Blood ga:- correction factors for the electrodes were 
determined several times daily by tonometry and 
applied te individual results. Expired gases were col- 
lected in :. bag and the frequency of ventilation during 
the 1-minute collection period was recorded. The 
volumes df the duplicate samples of mixed expired 
gas were measured with an accurately calib-ated sy- 
ringe (Hamilton syringe) and gas tensions measured 
with the appropriate electrodes. The standard devia- 
tion for n.ultiple measurements of a single gas sample 
was 0.1 torr. Tidal volumes measured by the syringe 
were witain 596 of the value recorded by the pneu- 
motachograph. All values were corrected to.BTPS. 

The cumulative error of all these component meas- 
urements was evaluated by performing repeated 
measurenents of dead space (Vn,,) in one patient 
during steady-state anesthesia with controlled venti- 
lation. Multiple measurements of dead space obtained 
over a 1C-minute period ranged from 28.7 to 30.6 ml 
with a stzndard deviation of 0.8 ml. 

All vaLies quoted are mean values + 1 SD. Regres- 
sion lines were computed using the least squares 
method. 
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Results 


Comparison Among the Three Groups 


Mean values of iotal dead space (Vp) expressed as 
a fraction of the tidal volume are presented in the 
Table in three groups of patients. 

The influence of the type of ventilation can be seen 
by comparing the Vp/Vr ratio following intubation 
in eight mechanically ventilated children (group 1) 
and in 12 children allowed to breathe spontaneously 
(group 2). Mean frequencies were similar: 30.0 during 
mechanical ventilation and 35.6 during spontaneous 
respiration when halothane was utilized to produce a 
rapid shallow pattern of ventilation. In intubated pa- 
tients the values for the ratio between total dead space 
and tidal volume (Vp/Vr) of 0.35 + 0.04 and 0.36 + 
0.04 were not signiricantly different ( p > 0.05). How- 
ever, during controlled ventilation, tidal volume (ex- 
pressed as Vr/kg) was approximately 50% greater 
than that observed during spontaneous ventilation in 
children having a similar age distribution. Since ap- 
paratus dead space was similar for the two groups, it 
follows that the subendotracheal tube or intrapul- 
monary dead space was larger when ventilation was 
controlled. The essential apparatus (Vp,,,) contrib- 
uted a mean of 18.696 of the total dead space during 
controlled ventilation and 25.096 during spontaneous 
respiration at these frequencies. These percentages 
did not vary with age. 

The influence of intubation can be seen by com- 
paring groups 2 and 3 when patients spontaneously 
breathed halothane (Table). The mean Vp/Vr ratio 
(0.55 + 0.07) during mask anesthesia (group 3) was 
significantly higher than that following endotracheal 
intubation (0.36 + 0.04) (group 2) ( p « 0.01). In six 
subjects paired measurements were made before and 
after intubation. In these six, Vp/Vr after intubation 
was 0.34 + 0.03; this reflects an average decrease in 
total dead space of 4596 following intubation. The 
mean arterial carbon dioxide tensions were essentially 
the same in the two groups (49.0 + 7.0 torr with a 
mask and 49.8 + 6.0 torr following intubation). 


Changes within Group 1 


During mechanical ventilation when frequency and 
tidal volume were varied but Vg was kept constant, 
Vp,, increased proportionally with tidal volume in all 
seven patients (Fig 1A). When the slope of the line 
for each patient was calculated, the mean value was 
0.25 + 0.05 which was significantly different from 0 
( p « 0.001). 
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TABLE 


Vp/V1 with Different Types of Ventilation and Anesthetic 
Apparatus 


Frequency 


Group n Ian Vo/Vr Paco, 
torr 
1. Mechanical- 
intubated 8 30.0 0.35 + 0.04 42.6 + 5.5 
2. Spontaneous- 
intubated 12 35.6+9.2 0.36 + 0.04 48.5 + 5.7 
3. Spontaneous- 
mask 6 29.4+6.9 0.55 + 0.07 49.0 + 7.0 
A B 
MECHANICAL 75 SPONTANEOUS 





200 400 600 0 100 200 300 
Vim 


Fig 1. A, Relationship of subendotracheal tube dead space 
(Vp,) to changes in tidal volume (Vr) in seven mechanically 
ventilated patients. Vo „ increased in direct proportion to Vy 
(mean slope 0.25 + 0.05; p « 0.001). B, Response of Vp,, to 
alteration in Vy in seven patients who breathed spontaneously 
following intubation. For each individual Vp,, remained relatively 
fixed with both small and large tidal volumes. Mean slope of 
0.09 + 0.09 is not significantly different from zero. 


When frequency was decreased 67%, from 30 to 10 
breaths per minute Vp,,/Vr did not change (Fig 2A). 
The slope of the single dashed line (0 + 0.001) is the 
arithmetic mean of the slopes of the seven lines 
describing the individual responses of Vp,,/Vr to 
frequency changes.” It is drawn through the mean 
value of Vp,,./Vr at frequency 30 (0.28 + 0.03) and 
demonstrates that there was no change in Vp,,./Vr 
with a 5096 decrease in frequency. When the fixed 
value of anesthetic apparatus was included there was 
a small but significant decline in Vp/Vr when fre- 
quency changed from 30sto 10 (Fig 2B). The dashed 
line, again an average of the seven individual re- 
sponses, was drawn through the mean Vp/WVq at 
frequency 30, and had a significant slope (0.001 + 
0.001) ( p « 0.025). These data demonstrate a 1596 
decrease in Vp/V« ratio for a 50% decrease in fre- 
quency. 


Changes within Group 2 


During spontaneous ventilation following intuba- 
tion the respiratory pattern of seven of the 12 patients 
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was deliberately altered using anesthetic agents. In 
these children subendotracheal tube dead space did 
not change with alterations in tidal volume (Fig 1B) as 
indicated by a mean slope for these seven patients of 
0.09 + 0.09, a slope which is not significantly different 
from 0 but which is significantly different from the 
mean slope of the seven patients in group 1 (Fig 1A) 
who were mechanically ventilated ( p < 0.001). 

The alterations in Vp,,./Vr in response to changes 
in frequency in seven individual subjects are plotted 
in Fig 3A both individually and as a single mean 
(dashed) line with its slope equal to the average of the 
seven individual slopes (0.002 + 0.0004). This slope 
is significantly different from the O slope obtained 
during mechanical ventilation ( p « 0.001). It is drawn 
through the mean Vp,,/Vq (0.27 + 0.04) observed 
during rapid shallow ventilation (plotted at 0% 
change) and demonstrates that with spontaneous res- 
piration the Vp,,/V' fell 38% when frequency de- 
creased by 50%. If anesthetic apparatus is included in 
the measurement of dead space for these seven indi- 
viduals (Fig 3B) the line representing the mean change 
of Vp/V with change in frequency becomes steeper 
(slope = 0.003 + 0.0004) and again is significantly 
different in slope from the relationship observed dur- 
ing mechanical ventilation that is shown in Fig 2B ( p 
< 0.001). Therefore, during spontaneous ventilation 
a 50% cecline in frequency resulted in a 41% decrease 
in Vp/V3. 
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Fie 2. A, Relationship of Vpo,,/Vr to respiratory frequency in 
seven patients ventilated mechanically at rates of 10 to 40 
breaths per minute. Respiratory rate is expressed both as 
breaths per minute and as a percent change in frequency from 
a reference rate of 30. Dashed line has a slope of O + 0.001 
which is the mean of the slopes of the seven individual relation- 
ships and is drawn through the mean value for Vp,,/Vr1 at a 
frequency of 30. Vp,,/V1 demonstrates no dependence on res- 
piratory rate and therefore tidal volume with mechanical venti- 
lation. B, Relationship of Vp/Vr to frequency in the same group 
of patients. In this case the mean dashed line has a shallow 
slope of 0.001 + 0.001 (p < 0.025) that reflects the increased 
contribution of apparatus dead space to total dead space as 
frequency increases. 


Influence of Time: 


Repeated measurements of dead space were made 
at differert times throughout the surgical procedure 
in six patients from group 1 using identical ventilator 
settings fer LE ratio, for frequency, and for tidal 
volume (Hg 4). Four patients showed no change in 
dead space over a period of 1 to 2 hours of the surgical 
procedure. in two patients dead space increased with 
time. 

Blood pressure and heart rate measured during 
both contsolled and spontaneous ventilation did not 
change wren respiratory pattern was altered. 





7. CHANGE IN FREQUENCY 


Fig 3. A, Eelationship of Vp,,/Vr to frequency in the seven 
spontaneously breathing subjects shown in Fig. 1B. The fastest 
spontaneous frequency obtained was used as the -eference 
frequency fcr calculation of percent change. All other respiratory 
rates are reierenced to that value. Dashed line has a slope of 
0.002 + 0.2004 ( p < 0.001) which is the mean of the seven 
individual spes. It is drawn through the mean Vo, V: at the 
reference frequency and demonstrates a 38% fall in Vo,,/ Vr for 
a 50% decraase in respiratory rate. B, Relationship of V5/V: to 
frequency in the same group of patients. Mean slope now is 
0.003 + 0.2004 (slope different from that of Fig. 2B at 0.001 
level). This ~elationship predicts a 41% fall in V5/V4 for a 50% 
decrease ir frequency in spontaneously breathing patients. 





0 30 60 90 120 150 180 
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Fic 4. Inflaence of duration of anesthesia on Vp,/'V. in six 
patients. TE ere was no consistent change when measurements 
were made-under identical conditions of mechanical ventilation 
and when Huid maintenance and replacement therapy were 
carefully regulated. 
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Relationship to Age 


In this study the ratio of dead space to tidal volume 
showed no variation with age over a range of 1 to 17 
years, during either mechanical ventilation at a rate 
of 15/min or spontaneous ventilation at slow and fast 
frequencies (Fig 5). 

However, when the dead space volume itself was 
expressed in milliliters per kilogram and related to 
age a significant relationship became evident (Fig 6). 
During mechanical ventilation the dead space volume 
(ml/kg) varied both with frequency and age. For any 
given age, Vp was larger at lower frequencies (i.e., 
larger tidal volumes). For any given frequency, Vp 
decreased with age. At a frequency of 30, Vp/kg was 
2.78 — (0.1) (age in years) ml (n = 7; r = 0.80). At a 
frequency of 10 it increased to 6.74 — (0.25) (age in 
years) ml (n = 7; r = 0.73) (Fig 6B). During sponta- 
neous ventilation fcllowing intubation the dead space 
volumes were smalier and showed no dependence on 
frequency. Vp/kg was 1.72 — (0.06) (age in years) ml 
(n = 12; r = 0.82) at mean frequency of (fast) 35.6, 
and Vp/kg was 1.93 — (0.06) (age in years) ml (n = 7; 
r — 0.73) at mean frequency of 23.2 (slow) (Fig 6A). 


Discussion 


Influence of Type and Pattern of Ventilation 


Nunn and Hill! concluded that the respiratory sys- 
tem was somewhat protected from the dangers of 
hypo- and hyperventilation because dead space read- 
justed itself appropriately to changes in tidal volume 
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Fia. 5. Relationship of age (in years) to Vp/V+r in mechanically 
ventilated patients (f = 15) and spontaneously breathing pa- 
tients (both fast and slow). None of these lines has a slope 
significantly different from zero, demonstrating that Vp/Vr ratio 
bears no relationship to age in healthy children aged 1 to 17 
years. 
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to maintain a constant ratio of dead space and tidal 
volume. Our study confirms this concept only during 
controlled ventilation. When we tripled tidal volume, 
using a mechanical respirator, the ratio of the total 
dead space and tidal volume remained for practical 
purposes essentially constant. However, with spon- 
taneous ventilation the breathing pattern exerted a 
strong influence such that a constant relationship of 
dead space and tidal volume no longer existed. Instead 
both subendotracheal tube and apparatus dead space 
volumes remained fixed, despite wide variations in 
tidal volume. This indicates that when a spontane- 
ously breathing patient increases his tidal volume, the 
increased gas flow is appropriately distributed to well 
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Fig 6. A, Relationship between total dead space (Vp) in millili- 
ters per kilogram and age in infubated spontaneously breathing 
anesthetized children. Vp/kg = 1.93 — (0.06) (age in years) mi 
atf = 23.2 + 5.4 (n = 7; r = 0.73; p < 0.05). Vp/kg = 1.72 
— (0.06) (age in years) ml at f = 35.6 + 9.2 (n = 12; r = 0.82; 
p « 0.01). The decrease in Vp/kg with increasing age is identical 
with both slow and rapid respirations. Broken line was calculated 
from Levison's data for awake children breathing through a 
mouthpiece’® Vo/kg = 3.91 — (0.13) (age in years) ml. B, 
Relationship between dead space (Vp/kg) and age during slow 
and fast rates of mechanical ventilation. The wasted ventilation 
was always greater than that measured during spontaneous 
ventilation under anesthesia (A) and was significantly affected 
by respiratory rate. Vp/kg = 6.74 — (0.25) (age in years) ml at 
f 210(n27,r- 0.83, p < 0.05). Vp/kg = 2.78 — (0.10) (age 
in years) ml at f = 30 (n = 7, r = 0.80, p < 0.05). 
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perfused areas of the lung. The result is a significant 
change in the ratio of the total dead space to tidal 
volume with alterations in frequency and tidal vol- 
ume. A rapid shallow respiratory pattern is associated 
with a high Vp/Vr ratio, but a slow deep pattern of 
ventilation is effective in reducing this ratio. 

With controlled ventilation (Fig 1A) the subendo- 
tracheal tube dead space adjusts in direct proportion 
to charges in tidal volume. Furthermore, when one 
calculates the total dead space (in ml/kg of body 
weight) and relates it to the age of each individual 
studied, the volume of the wasted ventilation during 
positive pressure breathing is found to exceed that 
observed during spontaneous respiration no matter 
what respiratory pattern is used (Fig 6). This result in 
children agrees with previous studies in dogs? and 
adults,’ where the dead space volume during con- 
trolled ventilation was larger than the volume during 
spontaneous ventilation with an identical tidal vol- 
ume. This increase in the overventilated volume of 
the lung could reflect alterations in the distribution of 
either ventilation or perfusion induced by the use of 
controlled respiration. A shift in ventilation distribu- 
tion away from dependent well perfused zones and 
toward nondependent poorly perfused lung regions 
during paralysis and mechanical ventilation has been 
demonstrated both by Froese and Bryan® using a 
radiographic technique and by Rehder et al? using the 
analysis of nitrogen clearance curves. In addition the 
distribution of pulmonary blood flow depends 
strongly on the relationship between pulmonary ar- 
tery pressure and intra-alveolar pressure.” The deliv- 
ery of a larger tidal volume by positive pressure 
ventilation requires an increase in intra-alveolar pres- 
sure which alters this balance of pressures. A resultant 
decrease in pulmonary perfusion in some lung regions 
could therefore also account for the observed increase 
in dead space through an increase in the alveolar 
component. A further factor was demonstrated by 
Hedenstierna and McCarthy! who found that an 
increase in tidal volume during controlled ventilation 
enlarged the volume of the conducting airways. All of 
these mechanisms could explain the changes demon- 
strated in this study. 

In this study the apparatus contributed to a small 
but statistically significant increase in the ratio be- 
tween total dead space and tidal volume as frequency 
increased which would be of minimal physiologic 
significance. Therefore if one were to assume Vp/Vr 
to be constant during controlled ventilation the re- 
sultant errors in gas exchange calculations would be 
small and clinically unimportant over a wide range of 


frequencies. However, it must be stressed that this 
conclusiom applies only when the volume of apparatus 
dead space is comparable to that used in this study 
(10.096 of total dead space at a frequency of 10 or 
18.6% at a frequency of 30). If the apparatus dead 
space were to be increased, then the frequency de- 
pendence of the Vp/Vr ratio would be accentuated 
and could well reach physiologic significance. 

Our data appear to be at variance with that of Nunn 
and Hill. They measured the Vp,,./Vr ratio once in 
each of 12 adults breathing spontaneously, with an 
unselected pattern of ventilation. Their mean value, 
0.32 exhibited a wide standard deviation with results 
varying f-om 0.09 to 0.41. This range includes all 
values of Vp,,/Vr observed in our study, no matter 
what the pattern of ventilation. Their experimental 
design dic not allow them to examine intraindividual 
influence: of respiratory pattern on dead space. How- 
ever, from our study it becomes evident that large 
variations in the Vp,,/Vr ratio occur with changes in 
frequency and tidal volume within individuals, 
whereas ` ariations between individuals with similar 
respiratory patterns are small (observed standard de- 
viation in.this study 0.04). 

This last observation makes it unlikely that our 
conclusioas were materially affected by our inability 
to use a s ngle, homogeneous population throughout 
all measu-ements. Although it would have been ideal 
to make measurements in a single group of patients 
at all frecuencies during both modes of ventilation, 
we were imited by time and often by the rature of 
the surgical procedure. However, in two patients Vp/ 
Vr was measured during both spontaneous and con- 
trolled ventilation although not over the entire range 
of frequemcies. These single measurements of Vp/V7, 
one during spontaneous ventilation at a rapid fre- 
quency amd the other during controlled ventilation at 
a frequency of 30, both fell within the variance of the 
larger experimental groups. 

A reduction in dead space with a decrease in tidal 
volume during spontaneous ventilation is not totally 
unlikely; Briscoe et al^ demonstrated that fresh gas 
can penetrate into alveoli even when respirations are 
smaller tLan the estimated volume of the conducting 
airways. They attributed this phenomenon to the 
effect of cardiogenic oscillations and the greater 
streamlin.ng of laminar flow with small tidal volumes. 
These twd mechanisms could explain the observed 
tendency for dead space to decrease with the smaller 
tidal volumes in all of our spontaneously breathing 
patients «ig 1A). However, during anesthesia these 
factors were not sufficient to keep Vp/V+r constant. 
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Although a variety of pharmacologic agents was 
used in this study, it is unlikely that this influenced 
the conclusions. Atropine, an agent known to inhibit 
changes in bronchomotor tone, was administered to 
all patients within 2 hours prior to the measurement 
of dead space.” Little difference has been shown in 
the bronchodilating properties of halothane and en- 
flurane.^ An inspired oxygen concentration of 5096 
was used in all cases to avoid the effect of changes in 
inspired oxygen tension on airway diameter.” 

This study demonstrates that during spontaneous 
ventilation the fraction of wasted ventilation was less 
with a large tidal volume than with a small tidal 
volume. Although arterial COs tensions were meas- 
ured in these patients and did in fact show more 
effective CO; elimination with the slow deep pattern 
of respiration, it would be dangerous to place much 
weight on that data since no effort was made to 
guarantee the use of equivalent depths of anesthesia 
with the two different techniques. The more efficient 
pattern of ventilation in this study was achieved using 
enflurane plus narcotics, but one must be cautious in 
recommending this combination since both are potent 
respiratory depressants.!? '’ This danger was avoided 
in our patients by careful titration with a continuous 
recording of frequency and tidal volume. Therefore, 
an ideal anesthetic agent should be associated with 
both a large tidal volume and a minimal degree of 
respiratory depression. 


Influence of Time 


Askrog et al? demonstrated a progressive increase 
in dead space with duration of anesthesia, but they 
made no mention of fluid management. In our study, 
fluid replacement was carefully controlled and no 
such relationship could be demonstrated (Fig 4). 
Therefore, we question whether the observations of 
Askrog et al simply reflected a cumulative fluid deficit 
which only coincicentally related to the duration of 
anesthesia. 


Influence of Anesthesia 


Our values obtained during anesthesia with various 
patterns of respiracion are compared with measure- 
ments obtained by Levison et al? in awake supine 
children (Fig 6A). As stated before, there is essentially 
no difference in total dead space whether one chooses 
a fast or slow spontaneous respiratory rate. The dead 
space with spontaneous ventilation following endo- 
tracheal intubation is approximately one half that 
calculated from Levison's data in awake unintubated 
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children. Since calculations from several studies? sug- 
gest that endotracheal intubation decreases dead 
space by approximately 5096, the intrapulmonary 
dead space would appear to be very similar in awake 
and anesthetized spontaneously breathing children. 


Influence of Age 


The mean values for the Vp,,/Vr ratios in this 
study of children following intubation (0.28 + 0.03 
during controlled and 0.27 + 0.04 during spontaneous 
respiration with halothane anesthesia) are similar to 
measurements reported in adults by Hedenstierna 
and McCarthy” (Vp,,./Vr 0.25 during controlled ven- 
tilation) and by Nunn and Hill’ (0.32 during both 
controlled and spontaneous respiration). Similarly, 
the study of Kain et al” of adults breathing sponta- 
neously with a mask demonstrated a high Vp/Vr 
ratio similar to the value obtained in our study. The 
occurrence of such similar values in studies spanning 
infancy to middle age is further evidence that Vp/Vr 
ratio is independent of age. However, this is not the 
case with the actual volume of dead space. Dead space 
volume per kilogram consistently decreases with in- 
creasing age over a range of one to 17 years and 
depends on the type of ventilation. With controlled 
ventilation it also depends on the rate of respiration 
(Fig 6). Therefore, the usual convenient approxima- 
tion of 1 ml of dead space per pound of body weight 
suggested for adults? leads to significant errors in the 
estimation of dead space in children. 

It may appear rather arbitrary to relate Vp/Vr and 
Vp,,/ Vr to percent decrease in frequency in sponta- 
neously breathing patients. However, this was neces- 
sary because of the well known variation of respira- 
tory frequency with age.” A 2 year old typically 
breathes at a rate of 45 under halothane anesthesia, 
the 16 year old at a rate of 20. However, both have 
similar Vp/Vr ratios (Fig 5) at these ‘usual’ frequen- 
cies. Plotting the data in the present way emphasizes 
that any given patient, starting at his usual breathing 
frequency, would substantially decrease his fraction 
of wasted ventilation if a slower, deeper pattern of 
respiration could be induced without depressing his 
minute ventilation. 

The concept that dead space adjusts to changes in 
tidal volume such that the Vp/Vr ratio remains a 
constant makes for convenient calculations. This as- 
sumption has been adopted in many gas exchange 
equations. However, it is evident from our data that 
such an assumption is incorrect. There is definitely a 
penalty for breathing at high respiratory rates and 
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low tidal volumes. With mechanical ventilation the 
changes in Vp/V* ratio with alterations in pattern are 
small and physiologically insignificant. The important 
feature is that the dead space is larger at any frequency 
compared with values during spontaneous respira- 
tion. However, during spontaneous breathing changes 
in pattern have a definite impact. A rapid shallow 
pattern is associated with high Vp/Vr ratios; with a 
low frequency and large tidal volume the ratio drops 
markedly. This indicates that only during sponta- 
neous respiration is an increase in tidal volume ap- 
propriately matched to perfusion to facilitate efficient 
gas exchange. 


ACKNOWLEDGMENTS 


The authors acknowledge with appreciation the assistance of 
Mr. George Volgyesi, Dr. A. C. Bryan, and the members of the 
Department of Anesthesia, Hospital for Sick Children, Toronto, 
throughout this study. 


REFERENCES 


1. Nunn JF, Hill DW: Respiratory dead space and arterial to end- 
tidal CO» tension difference in anesthetized man. J Appl Phys- 
iol 15:383-389, 1960 

2. Severinghaus JW, Stupfel M: Alveolar dead space as an index 
of distribution of blood flow in pulmonary capillaries. J Appl 
Physiol 10:335-348, 1957 

3. Volgvesi G, Nisbet HJA: A new piston ventilator for use in 
respiratory studies. Can Anaesth Soc J 19:662, 1972 

4. Nunn JF: Applied Respiratory Physiology, with Special Refer- 
ence to Anaesthesia. First edition. London, Butterworths, 1969, 
p 191 

5. Regan MJ, Eger EI II: Ventilatory responses to hypercapnia and 
hypoxia at normothermia and moderate hypothermia during 
constant-depth halothane anesthesia. Anesthesiology 27:624- 
633, 1966 

6. Suwe K, Hedley-Whyte J, Bendixen HH: Circulation and phys- 
iological dead space changes on controlling the ventilation of 
dogs. J] Appl Physiol 21:1855-1859, 1966 

7. Campbell EJM, Nunn JF, Peckett BW: A comparison of artificial 
ventilation and spontaneous respiration with particular refer- 


10. 


11. 


12. 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


zl. 


22. 


23. 


ence to ventilation-blood flow relationships. Br J Anaesth 30: 
166-175 1958 


. Froese AB, Bryan AC: Effects of anesthesia and paralysis on 


diaphragmatic mechanics in man. Anesthesiology 41:242-255, 
1974 


. Rehder K, Hatch DJ, Sessler AD, et al: Effects of general 


anesthesia, muscle paralysis and mechanical ventilation on 
pulmonary nitrogen clearance. Anesthesiology 35:591-601, 
1971 

West JB Respiratory Physiology—The Essentials. First edition. 
Baltimo:e, Williams & Wilkins Co., 1975, pp 39-41 
Hedenstierna G, McCarthy G: The effect of anaesthesia and 
intermitent positive pressure ventilation with different fre- 
quencies on the anatomical and alveolar deadspace. Br J An- 
aesth 47:847-852, 1975 

Briscoe WA, Forster RE, Comroe JH Jr: Alveolar ventilation at 
very lov tidal volumes. J Appl Physiol 7:27-30, 1954 

Sullivan CE, Zamel N, Kozar LF, et al: Regulation of airway 
smooth muscle tone in sleeping dogs. Am Rev Respir Dis 119: 
87-99, 1979 

Morr-Strathmann U, Welter J, Lawin P: Die Beeinflussung 
physiolcgischer Atemgróssen durch Ethrane und Halothan 
(English abstract). Anaesthesist 26:165-167, 1977 

Sykes MK, Finlay WEI: Dead space during anaesthesia—effect 
of added oxygen. Anaesthesia 26:22-27, 1971 

Wolfsor B, Hetrick WD, Lake CL, et a: Anesthetic indices— 
further data. Anesthesiology 48:187-19C, 1978 

Foldes -F, Swerdlow M, Siker ES: Narcotics and Narcotic 
Antagorists. First edition. Springfield, IL, Charles C Thomas, 
1964, p 49 

Askrog VF, Pender JW, Smith TC, et al: Changes in respiratory 
dead space during halothane, cyclopropane and nitrous oxide 
anesthesia. Anesthesiology 25:342-352, 1964 

Levison H, Featherby EA, Weng TR: Arterial blood gases, 
alveolar-arterial oxygen difference and physiological dead 
space ir children and young adults. Am Rev Respir Dis 101: 
972-974, 1970 

Nunn JE, Campbell EJM, Peckett BW: Anatomical subdivisions 
of the volume of respiratory dead space and effect of position 
of the jew. ] Appl Physiol 14:174-176, 1959 

Kain ML, Panday J, Nunn JF: The effect of intubation on the 
dead space during halothane anaesthesia. Br J Anaesth 41:94- 
101, 19c9 

Radforc EP: Ventilation standards for vse in artificial respira- 
tion. ] Appl Physiol 7:451-459, 1955 

Wilson LA, Harrison GA: Pulmonary ventilation in children 
during halothane anesthesia, Anesthesiology 25:613-619, 1964 


ANESTHESIA AND ANALGESIA 
Vol 59, No 5, May 1980 


349 


ANESTH ANALG 
59:350-354, 1980 


Bronchofiberscopic Jet Ventilation 


Tanguturi Satyanarayana, MD,* Levon Capan, MD,T Sivam Ramanathan, 
MD, Jack Chalon, MD,§ and Herman Turndorf, MD|| 


SATYANARAYANA, T., CAPAN, L., RAMANATHAN, S., CHALON, J., AND TURNDORE, H.: Bronchofi- 


berscopic jet ventilation. Anesth Analg 59: 350-354, 1980. 


The suction-biopsy channel of a flexible bronchofiberscope was used to provide subglottic jet 
ventilation in six dogs and eight adult human subjects. In dogs, after 75 minutes of ventilation 
at a driving pressure of 2580 torr/cm? (50 Ib/in?) the Pao, was 412 + 18 torr and the Paco, 
32 + 3 torr with a peak airway pressure of 6 torr. In patients, after 30 minutes of jet 
ventilation, the Pao, varied from 347 to 480 torr, the Paco, from 17 to 36 torr, and peak 
tracheal pressure from 6 to 8 torr. The method is convenient, simple and applicable ina 


variety of clinical situations. 


Key Words: VENTILATION, Jet; EQUIPMENT, Bronchofiberscope. 


HE TECHNIQUE of jet ventilation consists of 

lung inflation by a high pressure gas source 
delivered intermittently into the trachea through 
either a transtracheal or an orotracheal cannula.’ The 
method has been advocated for the anesthetic man- 
agement of endolaryngeal surgery” and rigid’ and 
flexible bronchoscopy,’ and it has been advocated to 
provide emergency ventilation during cardiac resus- 
citation.” We have used the suction-biopsy channel of 
a flexible fiberoptic bronchoscope to deliver jet ven- 
tilation and found that it produced adequate pulmo- 
nary gas exchange for prolonged periods of time. 


Methodology 


Animal Experiments 


Five dogs weighing between 18 to 22 kg each were 
anesthetized by continuous intravenous infusion of 
thiopental. A femoral artery was cannulated for meas- 
urement of blood gas tensions and arterial pressure. 
A flexible fiberoptic bronchoscope (American Cys- 
toscope, model FO 8800-D) with a suction-biopsy 
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channel 68 cm long and 2 mm i.d., was introduced 6 
cm beyond the vocal cords. The Luer fitting of the 
suction-biopsy port was connected to a Sander's ven- 
tilating system (Pitting Company, Washington, PA) 
and used to provide jet ventilation (Fig 1). The addi- 
tional opening of the port was closed by a three-way 
stop-cock. The injection system consisted of a toggle 
release valve attached to a single-stage pressure reg- 
ulator (Fig 1). Tracheal pressure was monitored by a 
no. 14 suction catheter introduced alongside the bron- 
choscope. The catheter tip was 4 cm below the tip of 
the vocal cords and its free end attached to a trans- 
ducer. Jet ventilation was provided by manual com- 
pression of the toggle switch for approximately 1 
second, 18 to 20 times per minute, at a driving pres- 
sure of 2580 torr/cm^ (50 lb/in?) The chest was 
bilaterally inflated as was determined by auscultation. 
Arterial blood samples were obtained 3, 10, 15, 30, 
60, and 75 minutes after the start of experiments. A 
second suction catheter was passed (at the end of 75 
minutes) into the trachea 4 cm beyond the vocal cords 
and its free end connected in series, both to an oxygen 
analyzer and a capnograph. The capnograph pump 
was set at 0.5 L/min for six or seven inflations and 
tracheal oxygen and CO» concentrations were meas- 
ured. Ín addition, a 6-mm i.d. cuffed endotracheal 
tube was inserted alongside the bronchoscope and the 
suction catheters. The open end of the endotracheal 
tube was connected to the expiratory limb of a Collin's 
spirometer fitted with a unidirectional valve. This 
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FG 1. Bronchofiberscopic jet ventilation system. SSR, Single 
stage regulator; TR, toggle release switch; SC, stop-cock clos- 
irg off tre additional outlet; SBP, suction-biopsy channel; EP, 
eve piece; SBCO, suction-biopsy channel outlet. 


p-evented gas entrainment from the spirometer to the 
trachea, due to a Venturi effect. The spirometer drum 
rotated from left to right at a speed of 160 mm/min. 
Expiratory tidal volume was measured over 10 respi- 
ratory cycles. The endotracheal tube and the gas 
sampling catheters were then removed, and the ani- 
meals were allowed to recover from anesthesia. Exper- 
iments were repeated at pressures of 2067 and 1550 
torr/cm’. Results were expressed as the mean (+ 1 
SD) of five measurements for each injection pressure. 

An additional dog weighing 20 kg was studied as 
follows: The tip of the suction catheter was placed 
successively at the following sites: (1) at the level of 
the vocal cords, (2) 2 cm above the tip of the bron- 
choscope, and (3) 1.5 cm below the tip of the instru- 
ment. Pressure recordings were made at 2580 torr jet 
ventilation. Tidal volume was measured by the 
method outlined above. The bronchoscope and the 
endotracheal tube (used to measure tidal volume) 
were removed and the trachea intubated with an 8.5- 
mm i.d. cuffed endotracheal tube. The animal was 
ventilated by an Airshields ventimeter/ventilator on 
a conventional circle absorber system at the tidal 
volume measured during jet ventilation, a rate of 20/ 
min and a fresh gas inflow (FGI) of 4 L/min. Airway 
pressure was recorded through the suction catheter 
with its tip 4 cm below the vocal cords. The entire 
e<periment was repeated three times to assess repro- 
ducibility of findings. 


Clinical Study 


Informed consent was obtained from eight adult 


patients eged 20 to 40 years. All were free from 
cardiopulmonary disease. They were scheduled for 
gynecologic procedures and received 0.4 mg of atro- 
pine and 50 mg of meperidine 45 minutes prior to 
induction of anesthesia. An arterial line was placed 
using locel anesthesia. Anesthesia was induced with 
thiopental (250 mg) followed by succinylcholine (100 
mg). The fiberoptic bronchoscope was introduced 
through tne nose into the trachea 6 cm below the 
vocal cords. Airway pressure was monitored by a 
suction cztheter as previously described. Anesthesia 
was mairtained by continuous infusions of 0.1% 
methohexital and 0.2% succinylcholine. Jet ventilation 
was provided by the same system as was used in dogs 
with a driving pressure of 2580 torr/cm? at a fre- 
quency o; 18 to 20 times per minute. Tracheal Os 
concentrazion was monitored by aspirating gas sam- 
ples from the catheter over 20 respiratory cycles. 
Arterial gas tensions were measured before induction 
and 3 and 30 minutes after the start of jet veritilation. 


Results 
Animal Experiments. 


In the animal study arterial oxygenation and CO» 
elimination were adequate during 75 minutes of 2580 
torr jet ventilation (Table 1). Peak airway pressure 
was 6 tor: and tracheal CO» concentration oscillated 
between 0.4% during jet flow and 2% during the 
postexpiretory pause (Fig 2) (Table 2). Tracheal oxy- 
gen concentration was 90 + 2% and tidal volume 475 
+ 18 ml. When the driving pressure was reduced, 
tidal volume, Pao, and airway pressure decreased and 
Paco, increased (Table 2). Tracheal oxygen concentra- 
tion did rot vary significantly with different driving 
pressures (Table 2). 


TABLE 1 


Dog Study »f Arterial Blood Gas Tensions and Tracheal 
Peak Press.res* 


Peak 
Time Arterial pH Paco, Pao, tracheal 
pressure 
min mm Hg mm Hg torr 
2 7.40 + 0.02 36 x4 389 + 17 6 
10 7.42 + 0.03 2943 392 + 29 6 
15 7.43 + 0.02 29 +4 430 + 20 6 
30 7.44 + 0.02 28 +4 420 + 20 6 
60 7.434002 2944 418+ 21 6 
75 7.43 + 0.02 3223 412+18 6 


* Values are means of five observations + 1 SD at various 
times during jet ventilation through the suction-biopsy channel 
of the flexible bronchofiberscope at a driving pressure of 2580 
torr/cm? at a frequency of 18 to 20 times per minute. 
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JET VENTILATION 


Pressure recordings at the level of the vocal cords 
exhibited two distinct phases of equal durations (Fig 
3, A) during jet inspiration. The first phase was 
negative (approximately —3 torr) and the second 
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Fia. 2. Polygraph reccrding of tracheal CO» concentration, tra- 
cheal pressures, and arterial blood pressure during jet ventila- 
tion of dogs through the suction-biopsy channel of the flexible 
bronchoscope at a driving pressure of 2580 torr/cm? (50 Ib/ 
in?) at a frequency of 18 to 20 times per minute. 


phase always positive (4.5 torr). Peak pressures at 
points 2 cm above and 1.5 cm below the tip of the 
bronchoscope (Fig 3, B and C) were both 6 + 0 torr. 
Conventional endotracheal intermittent positive pres- 
sure respiration (IPPR) produced a peak pressure 
approximately double that produced by 2580 torr jet 
ventilation (Fig 4). 


Clinical Study 


Under clinical conditions (Table 3) good arterial 
oxygenation and moderate to severe hypocarbia were 
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Fig 3. Canine airway pressure recording during 2580 torr jet 
ventilation (respiratory rate approximately 25/min): A, pressure 
changes at the level of the vocal cords; B, 2 cm above the tip of 
the bronchoscope; C, 1.5 cm below the tip of the bronchoscope. 
in A, the pressure is subatmospheric during the initial phase of 
injection and positive in the late phase. 
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Fia 4. Comparison between canine airway pressure during jet 
ventilation (A: driving pressure 2580 torr/cm^?, rate 25/min) and 
conventional endotracheal intermittent positive pressure respi- 
ration (B: tidal volume 475 mi, fresh gas inflow 4 L/min, rate 
20/min). Note that IPPR inflation pressure (11.5 torr) is approx- 
imately double that seen with jet ventilation (6 torr). 





TABLE 2 
Dog Study of Tracheal Oxygen Concentration, Oscillations in CO2, Peak Pressures, Arterial Bldod Gas Tensions, and Tidal 
Volumes* 
E Tracheal Oz . 
Driving TN ; Peak airway 
pressure ibo Mean tracheal CO; oscillations Tidal vol Arterial pH Paco; Pao, pressure 
torr/ cm? 96 96 mm Hg mm Hg torr 
1550 89 + 2 0.440t040+0.2 150 + 15 7.26 + 0.02 53 t3 272 Ł 19 3.3 +0 
2067 89 +3 0.4 + 0.05 lo 2.8 + 0.1 300 +16 7.38 + 0.03 36+ 4 369 + 14 4.5 x0 
2580 90 3 0.4+0to2.0 + 0.1 475 +18 7.43 + 0.02 32 +3 412+ 18 6.0+0 





* Results are means + 1 SD of five observations after 75 minutes of jet ventilation of dogs through the suction-biopsy channel of 
flexible bronchofiberscope at a frequency of 18 to 20 times per minute. Lower CO; concentrations were obtained during jet inflations 


and the higher concentrations between inflations. 
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found (Pao, 347 to 480 torr and Paco, 16 to 36 torr). 
Tracheal oxygen concentrations varied between 88% 
and 92%. No tracheal pressure higher than 8 torr was 
noted (Fig 5). Postoperative course was uneventful in 
all cases. 


TABLE 3 


Clinical Study of Tracheal Oxygen Concentrations, Arterial 
Blood Gas Tensions, and Peak Tracheal Pressures* 





Peak 


Sam- Tracheal à 
air- 





Pa- : pling — Os con- Arterial 
tient "Wel3ht inter- centra- pH Paco, Pao, way 
: pres- 
val ‘tion 
sure 
1 TT 3 92 7.44 34 347 7 
30 93 7.47 32 355 
2 T2 3 88 7.49 30 480 8 
30 89 7.50 28 478 8 
3 72 3 89 7.48 36 465 7 
30 90 7.49 34 460 7 
4 100 3 92 7.53 25 419 8 
30 91 7.57 17 356 8 
5 55 3 88 7.42 26 410 7 
30 90 7.46 23 413 7 
6 55 3 89 7.47 36 340 6 
30 91 7.55 16 354 6 
7 £5 3 91 7.51 24 450 8 
30 88 7.51 26 460 8 
8 49 3 92 7.54 23 440 7 
30 B9 1.52 26 468 7 





* Patients were ventilated through the suction-biopsy chan- 
nel of a bronchofiberscope at a frequency of 18 to 20 times per 
minute. Sampling was performed at 3 and 30 minutes from the 
start of jet ventilation. 
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Fig 5, EKG and tracheal pressure recordings of a patient dur- 
ing jet ventilation through the suction-biopsy channel! of the 
flexible bronchoscope at a driving pressure of 2580 torr/cm? 
(50 Ib/in?), ventilated at a rate of 18 to 20/min. Each vertical 
line on the abscissa represents 1 second. 


Discussion 


When a.high pressure gas jet is delivered axially 
into a diffusor tube, the total outflow is greater than 
the jet flow- (because of air entrainment at the diffusor 
inlet). Any resistance to outflow from the diffusor 
will cause the pressure in the system to increase, 
converting the injector into a positive pressure gen- 
erator. During jet ventilation the trachea functions as 
the diffuscr and the lungs create the outflow resis- 
tance. The subatmospheric pressure that develops in 
the upper eirway during the initial phase of jet inspi- 
ration (Fig 3, A) has been said to cause collapse of the 
periglottic soft tissues.’ This produces partial airway 
obstructior, limiting air entrainment during injec- 
tion.’ The intratracheal pressure itself, however, is 
positive during jet flow (Fig 3, B and C). The tracheal 
pressures recorded 4 and 7.5 cm below the vocal cords 
are monorpaasic and reach a peak value of 6 torr in 
both instarces. The positive pressure overcomes the 
airway obzrruction (caused by the negative pressure) 
and produces a positive deflection of the pressure 
trace (Fig 3 A). When jet flow ceases, the elastic recoil 
of the lungs expels injected gases through the open 
upper airway. 

Many studies have attested to the efficacy of jet 
ventilation through a cricothyroidotomyl'? or through 
suction catneters inserted in the trachea.*  Ovr stud- 
ies also show that the suction-biopsy channel of the 
bronchofiberscope can be used as an efficient injector 
channel to provide sustained pulmonary gas exchange 
at a driving pressure of 2580 torr/cm? (50 Ib/in?). On 
the other Fand, a 1550 torr/cm? pressure produces a 
smaller tical volume (150 + 15 ml) and leads to 
diminishec alveolar ventilation and higher Paco, (53 
+ 3 torr). 

In dogs, peak and mean airway pressures during 
2580 torr jet ventilation reached 6 + 0 torr and 3.5 + 
O torr with.a tidal volume of 475 ml. In patients these 
pressures ~vere 7.3 + 0.7 and 4.5 + 0.3 torr. Peak 
airway pressure produced by conventional intermit- 
tent positive pressure respiration attains approxi- 
mately twice the peak jet inflation pressure (Fig 4). 
The lower pressure seen with the injection technique 
may be dee to opening of the upper airway when 
tracheal pressure exceeds a critical level (relief-valve 
action). Hcwever, during IPPR, the entire tidal volume 
is delivered into a closed system, causing higher pres- 
sures. 

The higa tracheal oxygen concentrations obtained 
with jet ventilation suggest minimal air entrainment. 
In spite of a constant Fio, lower driving pressures lead 
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to a decrease in Pao,, probably because of ventilation- 
perfusion aberrations associated with low tidal vol- 
umes. End-tidal CO was consistently lower than 
Paco, at all driving pressures. For instance, with 2580 
torr jet ventilation, the mean end-tidal CO» was 2% 
(14 torr) and the mean Paco, 31 torr. We cannot 
adequately explain this disparity. It is known, how- 
ever, that end-tidal CO; concentration differs from 
Paco, by as much as 10 torr during anesthesia.’ Our 
findings may have been affected by the same mech- 
anisms. 

The endotracheal tube acts as an efficient air en- 





Fig 6. Spirometer tracing during tidal volume measurements at 
drum speed of 160 mm/min. The horizontal segment indicates 
both expiratory pause and jet injection period. The downward 
segment BC indicates exhalation. Because the spirometer drum 
rotates from left to right, the tracing is read from right to left. 
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trainment channel and artificially raises tidal volume 
during jet inflation. Spoerel et al’ have shown that up 
to 4096 of the tidal volume can be derived from air 
entering the thorax via the endotracheal tube during 
jet inspiration. This did not occur in our study because 
a unidirectional valve, placed at the expiratory limb 
of the spirometer, closed off the expiratory limb 
during jet inflation. The tracing in Fig 6 remains 
horizontal (segment AB) during both the expiratory 
pause and jet inflation. This indicates the absence of 
gas exchange between the lungs and the spirometer 
during these phases. Removal of the valve leads to air 
entrainment from the system and results in an upward 
swing of the tracing during jet inflation as in the 
studies by Spoerel et al! Volume changes in the 
spirometer (downward displacement of segment BC 
in Fig 6) are, therefore, only due to exhaled tidal 
volume. 

Jet ventilation performed through a cricothyroid 
cannula is known to cause several complications in- 
cluding pneumomediastinum.? If a tracheal catheter 
is used, direct laryngoscopy and sometimes a stylet 
are needed. In addition, the tip of a soft catheter may 
vibrate when subjected to high pressure jet flows. 
Moreover, these methods do not always ensure airway 
visualization. The use of a bronchofiberscope for jet 
ventilation enables the anesthesiologist to inspect the 
airway. The bronchoscope tip, which does not vibrate 
during jet insufflation, can be advanced to a desired 
location without a stylet. In summary, the built-in 
suction-biopsy channel of the flexible fiberoptic bron- 
choscope can be used to deliver prolonged adequate 
pulmonary jet ventilation. 
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Cardiovascular Effects of Anesthetic 


Induction with Ketamiae 
Kenneth Waxman, MD,* William C. Shoemaker, MD,7+ and 


Maurice Lippmann, MDł 


WAXMAN, K., SHOEMAKER, W. C., AND LIPPMANN, M.: Cardiovascular effects of anesthetic 


induction with ketamine. Anesth Analg 59:355-358, 1980. 


Anesthetic induction with ketamine has been reported to maintain or improve cardiovascular 
performance in severely ill patients. Using invasive cardiovascular monitoring, we studied 
physiologic responses to a single dose of ketamine in 12 critically ill patents. Six patients 
demonstrated decreases in ventricular contractility, and four had decreeses in cardiac output. 
Mean arterial blood pressure decreased in four patients. Pulmonary venous admixture in- 
creased in four of six patients, while oxygen consumption decreased in 3ight of 11 patients. 
Thus, a single dose of ketamine produced decreases in cardiac and pulmonary performance 
and in peripheral oxygen transport in this group of patients. it is proposed that in severely ill 
patients, preoperative stress may alter the usual physiologic responses o ketamine adminis- 
tration, and adverse effects may predominate. Ketamine, therefore, should be used with 
caution for induction of anesthesia in critically ill and in acutely traumatized patients 

until additional studies and further information on cardiovascular resporses to ketamine 


are available. 


Key Words: ANESTHESIA, Intravenous: ketamine. 


ETAMINE has been advocated by some as the 
drug of choice for maintaining or increasing 
cardiovascular performance during induction of an- 
esthesia, especially in severely ill surgical patients 
whose cardiovascular status is critical." Because of 
its reported stimulatory cardiovascular effects, keta- 
mine has also been suggested as an agent to admin- 
ister to casualty victims during major disasters." 
The studies upon which these recommendations 
have been based have evaluated the effects of keta- 
mine induction largely in terms of its effects on blood 
pressure and heart rate. There has been little work 
documenting the effects of ketamine on cardiac out- 
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put and ox vgen transport, which may be more signif- 
icant physiplogic variables. 

The present study summarizes cardiorespiratory 
responses to induction of anesthesia with ketamine in 
12 criticalky ill surgical patients. The data fail to 
confirm uriformly beneficial effects of ketamine in- 
duction. 


Materials and Methods 


Clinical Material 


Patients were chosen for intraoperative monitoring 
on the basis of the preoperative severity of their 
illnesses and expected high surgical morbidity and 
mortality. Df 60 critically ill patients studied over the 
past year, 12 patients were studied before and after 
ketamine induction. The patients’ clinical and physi- 
ologic date are summarized in the Table. 


Physiologi Methods 


Triple lamen flow-directed ballcon-tipped cathe- 
ters were placed percutaneously via the internal jug- 
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TABLE 
Clinical and Experimental Data * 


mg L/M? 

1 Drainage subphrenic 70 | Survived | 2.80 
abscess 

2 Gill bleed-portacaval 125 
shunt 

3 Gl bleed-portacaval 110 
shunt 

4 G! bleed-portacaval 110 
shunt 

5 Sepsis-intra- 60 | Died 2.61 
abdominal abscess- 
drainage 

6 Sepsis-intra- 50 
abdominal abscess- 


Survived | 2.32 
Survived | 3.64 


Survived | 3.60 


Died m 


drainage 

7 CRF, bleed- 70 
diverticulitis 
colectomy 

8 Sepsis-intraabdominal| 90 | Died P — 
abscess-drainage 


Survived | 2.90 


9 UGI bleed- 140 | Survived | 2.64 
gastrectomy 

10 Perforated duodena! 75 | Died 2.20 
ulcer-vagotomy and 
pyloroplasty 

11 Sepsis-perforated 25 | Died -— 


cholecystitis- 
cholecystectomy 

12 Gl bleed-portacaval 115 
shunt 


Survived | 3.61 


DU PU »U»U»0 PU POE »U0»U»m»u»u 








dyne. 
% cm/ 96 
sec^.M*? 

46 33 

BO 25 
277 19 
196 43 

96 37 

77 31 
128 48 

97 58 
261 — 
328 — 
159 16 
218 50 
168 — 
213 -— 
281 — 
417 — 
224 — 
160 — 

82 6 
125 36 


* Abbreviations used are: Preop BY, preoperative blood volume; HR, heart rate; MAP, mean arterial blood pressure; PCWP, pulmonary capillary 
wedge pressure; Cl, cardiac index; LVSW, left ventricular stroke work; SVR, systemic vascular resistance; O2 ER, oxygen extraction; Vo,, oxygen 
consumption; PVR, pulmonary vascular resistance; Qs/Qt, pulmonary venous admixture; B, before ketamine; A, after ketamine; GI, gastrointestinal; 


CRF, chronic renal failure; UGI, upper gastrointestinal. 


ular vein, and arterial lines via the radial arteries in 
the intensive care unit prior to preoperative medica- 
tion. Blood volumes were measured preoperatively 
with I-labeled albumin (RISA) using previously 
described techniques. Cardiac output was measured 
by thermodilution using a cardiac output computer 
(Edwards Laboratory, model 9520, Santa Ana, CA). 
Systemic and pulmonary arterial pressures, heart rate 
(HR), central venous pressure (CVP), and pulmonary 
capillary wedge pressure (PCWP), hemoglobin, hem- 
atocrit, and arterial and mixed venous blood gas 
tensions were measured. Left ventricular stroke work 
(LVSW), systemic vascular resistance (SVR), and pul- 
monary vascular resistance, pulmonary venous ad- 
mixture (Qs/Qt), oxygen extraction (O2ER), and ox- 
ygen consumption (Vo,) were calculated using stan- 
dard formulas. All pressure and volume measure- 
ments were indexed to body surface area. 


Protocol 


Upon arrival in the operating room, 10096 Os was 
administered by mask and continued throughout the 
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period of observation. After monitoring equipment 
was connected and calibrated, control measurements 
were made in duplicate. Ketamine was then given 
intravenously over 1 minute in doses varying from 24 
to 144 mg; the mean dose was 70 mg. Measurements 
were then repeated 3 to 5 minutes after ketamine 
administration, again in duplicate. No other medica- 
tions were given to these patients, nor was controlled 
ventilation or endotracheal intubation instituted dur- 
ing the period of study. On two occasions in the 
present series and in several instances in other keta- 
mine studies, measurements were repeated 10 min- 
utes or more after ketamine administration in an 
attempt to evaluate the time course of the ketamine 
response. In general, the responses at 10 or more 
minutes after ketamine were in the same direction 
but less pronounced. However, it was not considered 
appropriate to obtain the entire time course as many 
other interventions, such as tracheal intubation, 
changes in Fio, and mechanical ventilation, were 
urgently needed at this time. The present study, there- 
fore, is confined to the evaluation of ketamine effects 
at 5 minutes. 


WAXMAN, SHOEMAKER, AND LIPPMANN 


Results 


The results are summarized in the Table. 


Heart Rate (HR) 


Eleven patients maintained or increased their HR. 
One patient, however, developed a significant bra- 
dycardia, with reduced arterial pressure and cardiac 
cutput. 


Mean Arterial Pressure (MAP) 


Seven patients maintained or increased their MAP. 
However, in four patients, MAP decreased more than 
15% from control values. In three of those patients, 
MAP decreased to below 60 mm Hg. 


Cardiac Index (CI) 


White most patients maintained CI at or near con- 
trol values, four of the twelve patients had reductions 
Cf cardiac index greater than 10%. 


Myocardial Performance 


Six patients had either decreases in left ventricular 
stroke work or increases in pulmonary capillary 
wedge pressure after ketamine, signifying decreased 
cardiac contractility; mean systemic resistance was 
not consistently increased during this period. In one 
patient, stroke work increased and wedge pressure 
cecreased, suggesting improved myocardial function; 
since systemic resistance decreased after ketamine 
zdministration in this patient, the apparent improve- 
ment in performance may have been due to decreased 


zfterload. 


Systemic Vascular Resistance (SVR) 


SVR decreased in six and increased in six patients. 
l'ulmonary vascular resistance increased in six of 10 
z . 6 ` 
patients in whom measurements were available. 


Pulmonary Venous Admixture or Shunt (Qs/Ot) 


Qs/ Qt increased significantly after ketamine in 
four of six patients in whom it was measured. 


Oxygen Consumption (Vo,) 


Vo, decreased in eight of 11 patients. This decrease, 
associated with reduced oxygen extraction, did not 
correlate well with decreases in CI. 


Discussion 


Induction of anesthesia in critically ill patients often 
has adverse physiologic effects. Nearly every anes- 
thetic agent studied has potential for cardiovascular 
depression; this depression may be poorly tolerated 
by the severely ill patient who is compensating max- 
imally preoperatively and has little physiologic re- 
serve. The development of anesthetic agents that may 
be cardiovascular stimulants clearly represents a ma- 
jor advanze. It is important to evaluate such agents 
clinically in the critically ill patient in whom the 
induction period is most hazardous. 

In this series of critically ill patients, ketamine 
clearly wes not without adverse effects. Ketamine has 
been repcrted to be a positive inotropic agert."? but 
in this series, half of the patients had decreased 
cardiac contractility following induction with keta- 
mine. Further, cardiac output increased in only one 
patient, and this was associated with decreased after- 
load. 

Pulmorary function also may be adversely affected 
by ketamme induction of anesthesia, as demonstrated 
by an increase Qs/Qt in four of six patients. The 
cause for -his impairment is not readily apparent from 
these datz, but it is possible that ketamine produced 
maldistribution of blood flow within the pulmonary 
vasculatu-e.'9 1! 

Finally, in a majority of these patients, oxygen 
extraction and Vo, decreased after ketamine admin- 
istration. This is at variance with the results of Good- 
ing et al? who showed little change in Vo, after 
ketamine induction in patients undergoing elective 
skin grafting. Whether the decrease in Vo, we ob- 
served in these critically ill patients was due to de- 
creased metabolic demands associated with ketamine, 
or whether it represented maldistribution of systemic 
blood flow resulting in inadequate tissue oxygenation 
is an unanswered question. 

Stimuletory cardiovascular effects of ketamine are 
currently thought to involve several mechanisms. 
Ketamine may directly stimulate the central sympa- 
thetic nervous system releasing catecholam:nes.'? “ 
Further, ketamine may inhibit neuronal and extraneu- 
ronal reuptake of norepinephrine, thereby increasing 
tissue and circulating norepinephrine levels.” In ad- 
dition, Oyama and associates? have noted elevated 
serum cortisol levels during ketamine anesthesia, and 
propose adrenocortical stimulation. However, none of 
this work is based on studies of seriously ill »atients. 
The patients we have studied were septic, nypovo- 
lemic, or cirrhotic, and had severe stress pzeopera- 


ANESTHESIA AND ANALGESIA 
Vol 58, No 5, May 1980 


357 


CARDIORESPIRATORY EFFECTS OF KETAMINE 


tively. It is possible that in these ill patients adreno- 
cortical and catechol stores had been depleted prior 
to ketamine administration. Alternatively, in the set- 
ting of prolonged preoperative stress, there may be 
resistance to further sympathetic and/or adrenocoti- 
cal stimulation by ketamine. In either case, preoper- 
ative stress may blunt the usual physiologic responses 
to ketamine, setting the stage for possible adverse 
effects. 

In order to simplify interpretation, we have exam- 
ined only the effects of a single dose of ketamine, 
soon after its administration. It is possible these effects 
may change with time, and in response to administra- 
tion of other anesthetic agents, paralysis, and intu- 
bation. Still more :mportant a question is how these 
patients would have responded to alternative modes 
of induction; i.e., was ketamine better than anything 
else despite its acverse effects? We have certainly 
seen 2ven more profound adverse effects with other 
induction agents (K. Waxman, W. C. Shoemaker, and 
M. L:ppmann, un»ublished data). It will require a 
randcmized prospective comparison of ketamine and 
other agents to answer these questions. We conclude, 
however, that in the critically ill patient, induction of 
anesthesia with ketamine may be associated with 
decreases in cardiac and pulmonary function, as well 
as with decreases in Vo,. 
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Tre performance of five of the most commonly used halothane vaporizes and three enflurane 
veporizers was tested under conditions encountered in low-flow and clcsed-circuit anesthesia. 
Anesthetic gas concentrations were measured continuously with a mass spectrometer con- 
nected to a circle system. The results indicated that all of the units tested, except the Fluotec 
Mark fl, may be adapted for use in low-flow or closed-circuit anesthesia to provide accurate 
amounts of potent inhalation anesthetics. One should be aware, however, that the concentration 
of nitrous oxide affects vaporizer output, that changes in output occur curing positive-pressure 
ventilation, and that the output of some of the vaporizers may increase "hen a change 

from high flow to low flow is made. It is also strongly recommended that upstream oxygen 

fl. shing be abandoned in the practice of low-flow or closed-circuit aneschesia. 


Key Words: EQUIPMENT: vaporizers; ANESTHETIC TECHNIQUES: clcsed circuit. 


N VIEW of the renewed interest in closed-circuit 

or low-flow anesthesia, we critically evaluated the 
performance of several vaporizers, paying special at- 
tention to low gas flows. The flows that we used may 
be considered as going beyond the recommendations 
of the vaporizer manufacturers; nevertheless, we used 
tFese vaporizers with low flows because they are often 
attached to anesthesia machines that may be and 
frequently are used in low-flow and closed anesthesia 
circuits. We sought to determine whether these exist- 
irg vaporizer models can be safely used at the low 
gas flows required for closed-circuit anesthesia. 


Methods 


The rnost commonly used vaporizers for halothane 
(Eluotec Mark II, III, Fluomatic (Foregger), Ohio, and 
Lrager Vapor) and for enflurane (Cyprane, Ohio, 
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Drager Vaoor, and Drager Vapor 19) were evaluated 
in an anes-hetic circuit which simulated various clin- 
ical situations. An Ohio Medical Company oxygen 
flow meter delivered oxygen into the circuit. An 
anesthetic-machine (Ohio Unitrol) with an outlet for 
oxygen ard nitrous oxide was connected to the test 
vaporizer, and the vaporizer outlet was connected to 
the fresh-zas inlet of a circle system. The patient 
connectior. was replaced with a rubber bag of 3000- 
ml capacity. The circuit was ventilated with an Air 
Shields ventilator at various volumes. A pressure 
monitor amd a mass spectrometer sampling connector 
were placed between the vaporizer outlet and the 
fresh-gas nlet of the circle system. Pressure changes 
at the vaporizer outlet were measured continuously 
with a Tr..ntec transducer and recorded on a Gould 
220 dual-channel recorder. The concentration of hal- 
othane or enflurane vapor was monitored continu- 
ously wit the mass spectrometer and recorded on 
paper. 

The mess spectrometer used in this study was a 
Perkin-Elmer model 1100. This unit was calibrated 
with gas supplied for this purpose by Union Carbide 
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Company. The accuracy of the readings was further 
confirmed in our laboratory by gas chromatography. 
We used the mass spectrometer, with a 90% response 
time of less than 500 msec, to ascertain accurately "on 
line" the continucus output capability of the vapor- 
izers. For halothane, two Fluotec Mark II, two Fluotec 
Mark III, one Flucmatic, five Ohio, and four Drager 
Vapor vaporizers, and for enflurane, two Cyprane, 
`- five Ohio, three Drager Vapor, and two Drager Vapor 
19 vaporizers were tested in this way. Except for the 
Fluotec Mark II, all vaporizers tested were new units. 
We evaluated the vaporizers in a room maintained at 
a temperature of 25 C. 


Results 


We carried out the following six tests with the 
following results. 


1. Matching Direct Measurement of Vapor 
Concentration against Dial Setting of Vaporizer 
Output at Various Flows 


As shown in Fig 1 and Table 1, all of the units 
tested except the Fluotec Mark II performed quite 
adequately. Output agreed closely with the manufac- 
turer's data with free flows into ambient air at rates 
ranging from 100 to 5000 ml/min. 


' 2. Determination of Accuracy of Vaporizer Output 
When Flow was Changed Abruptly 


Abrupt changes in gas flow from high to low values 
are frequent during low-flow or closed-circuit anes- 
thesia. Three vaporizers, Fluotec Mark III, Fluomatic, 
and Drager Vapor, showed minimal changes in output 
concentrations when flows through the vaporizer 
were changed abruptly from 5000 to 1000 ml/min to 
500 ml/min (Fig 2). In contrast, the Ohio unit ex- 
hibited considerable changes in output, as shown in 
Fig 2, when the flow was changed suddenly from 
higher to lower values. 


3. Determination of Possible "Pumping Effect" 


Numerous investigators have shown that a factor 
of great significance with out-of-circuit vaporizers, 
such as the five ty»es that we tested, is the effect of 
fluctuations in the vaporizer output due to the back- 
pressure generated during assisted or controlled ven- 
tilation. This back-pressure causes increased vapor 
concentration, referred to as a pumping effect, or 
decreased concentration, referred to as "pressurizing 
effect." The pumping effect observed with the Ohio 
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unit is shown in Fig 3. There was marked fluctuation 
in the vaporizer output concentration when we ap- 
plied back-pressure by attaching the vaporizer output 
to the circle system and employed controlled respi- 
ration. The Fluotec Mark II showed significant and 
erratic increases in output concentration when posi- 
tive pressure was applied at flows of 2000 ml/min 
(Fig 4) or lower dial settings. This result and the lower 
output concentration shown in Fig 1 with Fluotec 
Mark II at a lower dial setting and lower flow indicate 
that a relatively higher resistance to flow exists in this 
vaporizing chamber. At a gas flow of 5000 ml/min, 
fluctuation in output concentration was seen (Fig 4, 
upper panel, but the mean vapor output did not 
change with the Ohio and Fluotec Mark H units 
tested. The back-pressure effect was not seen in the 
three other vaporizers studied. 


4. Determination of Possible "Pressurizing Effect" 


Cole! found that the concentration of anesthetics 
delivered by vaporizers was lower during positive- 
pressure respiration (pressurizing effect) than during 
free flow to the atmosphere. We found no demon- 
strable pressurizing effect with Fluotec Mark HI, 
Drager, or Fluomatic vaporizers with continuous pos- 
itive pressure up to 15 cm H20. The Ohio vaporizer 
consistently had an initial decrease in output, but 
returned to the predicted levels within seconds. With 
both the Ohio and Fluotec Mark II vaporizers, a 
marked but transient elevation in output concentra- 
tion occurred upon abrupt cessation of positive pres- 
sure. 


5. Determination of Possible Effects Resulting 
from Upstream Oxygen Flushing 


The Fluotec Mark III demonstrated only a negligi- 
ble effect on vaporizer output due to upstream oxygen 
flushing. With Ohio, Drager, and Fluomatic vaporiz- 
ers, oxygen flushing increased halothane concentra- 
tions more than 10% during several seconds at low 
initial fresh-gas flows. 


6. Determination of Possible Effects Due to 
Addition of Nitrous Oxide as Carrier Gas 


As shown in Fig 5, all units tested except the Fluotec 
Mark II showed stepwise decreases in halothane vapor 
output with stepwise increases in nitrous oxide con- 
centration at a time when total gas flow remained 
constant. When the carrier gas was changed from 
100% oxygen to 100% nitrous oxide, the halothane 
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FiG 1. Calibration of vaporizer outputs during free flow into with flows ranging from 100 to 5000 ml/min. All experiments 
ambient air at various settings from 196 to 496 halothane and performed at 25 C. 


TABLE 1 
Actual Output of Halothane of Five Vaporizers Tested 





Vaporizer output con- 





: Ohio Fluomatic Drager Vapor Fluotec Mark Il Fluotec Mark Ill 
centration (96) at 196 p 7 4e oe z 
dial setting (n — 5) (n = 1) (n — 4) (n = 2) (n = 2) 
Total gas flow at 

5000 ml/min 1.07 + 0.06 DN E 1.10 2 0,08 1.10 = 0.03 1.08 + 0.06 

500 ml/min 1.00 + 0.09 1.08 1.03 + 0.07 0.06 + 0.11 1.12 + 0.06 
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vapor output decreased by 20 to 35%. This change 
was consistent at both high and low total gas flows 
through the Fluomatic, Fluotec Mark III, and Drager 
vaporizers, but not the Ohio vaporizer. The Fluotec 
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FiG 2. Effect on halothane output of vaporizer when high flow 
is suddenly reduced. The Ohio vaporizer was associated with a 
transient, but significant increase in vapor output, the magnitude 
of which was related to the magnitude of the initial high flow. A 
transient reduction in vapor output occurred when the flow was 
increased from low to high. There were no significant changes 
with Fluotec Mark Ill and Fluomatic vaporizers. 


Ohio 





Hal. 


FiG 3. Effect of positive-pressure ventilation (upper tracings) 
on the vapor output of the Ohio vaporizer. Output vapor concen- 
tration (lower tracings) significantly changed as a function of 
gas inflow and pressure: the higher the gas flow, the greater the 
fluctuation. At the highest flow tested, 5000 ml/min, output 
reached 596 immediately after positive pressure was released 
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Mark II unit showed a slight increase in halothane 
vapor output when nitrous oxide was included in the 
carrier gas. The increase was, however, only transient; 
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FiG 4. Effect of positive-pressure ventilation (Paw, upper trac- 
ings) on vapor output (lower tracings) of the Fluotec Mark Il 
vaporizer. A significant fluctuation in vapor output is demon- 
strated; the amplitude of the fluctuation is related to changes in 
pressure during positive-pressure ventilation. The lower panel 
shows that the changes were more pronounced at oxygen flows 
of 2000 ml than they were with Os flows of 5000 ml/min. At 
2000 ml/min, the mean vapor output was more than twice the 
expected amount, but at 5000 ml/min, the mean vapor output 
remained unaltered. 











LIN 


even though the dial setting remained at 296. In spite of these 
fluctuations, mean mass vapor output did not change from the 
setting for free flow to the atmosphere. Each record shows time 
scale in the left tracing expanded to 10 times that on the right. 
Paw, Airway pressure. 
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the duration of the change depended upon the dial similar to changes that occurred with halothane va- 
setting and the total gas flow through the vaporizer. porizers. 

As shown in Fig 6, at total gas flows of 5000 or 3000 

ml/min, the change only lasted for 5 to 10 minutes Discussion 

with an Ohio vaporizer, but at a total gas flow of 500 
ml/min, recovery had not occurred after 50 minutes. 
We also observed that when a switch was made from 
nitrous oxide or a nitrous oxide-oxygen mixture to 
100% oxygen while the vaporizer was turned on, the 
vaporizer output increased by 20 to 280% for 5 to 60 
minutes depending on the total gas flow and the 
previous nitrous oxide concentration. Tables 2 and 3 
summarize the effect of 100% nitrous oxide or 50% 
nitrous oxide on a vaporizer dial setting with 3000 
ml/min total gas flow. For most of the units tested, 
the standard deviation was less than 10% of the actual 
vapor concentration output. 


Many studies” have confirmed the presence of an- 
esthetic gas pollution in operating rooms. The prin- 
cipal mesures for combating this potential health 
hazard include removal of anesthetic waste by scav- 
enger devices’ and use of low-flow and closed-circuit 
techniques. Low-flow or closed-circuit anesthesia re- 
quires delivery of accurately measured amounts of 
vaporizec gases into the anesthetic circuit. 

When »ositive-pressure ventilation is used, back- 
pressure may be exerted on the vaporizer and may 
cause either increases or decreases in output of anes- 
thetic va»or; this phenomenon has been termed a 
pumping effect or pressurizing effect.’ Attempts have 
been mace to correct this deficiency by incorporation 
of a relie: valve at the outlet port of the vaporizer to 

The characteristics and extent of the changes in limit the maximal pressure, by reduction in the size 
vaporizer output due to the pumping effect, pressur- of the va»orizing chamber, and by addition of a long 
izing effect, and change in carrier gas (Fig 7) were spiral tube leading to the vaporizing chamber.” 


7. Enflurane Vaporizers 

















TABLE 2 
Nitrous Oxide Effect with 1% Dial Setting of Halothane (3000 ml/min Total 3as Flow) 
Ohio Fluomatic Drager Fluotec Merk Ill 
Carrier gas change n9) (n= 1) i= 4) (n2 2 
Change Duration Change Duration Change Duration Change Duration 
96 min 96 min 96 min 96 min 
10096 O; — 100% NO —44.8 9.9 — 20.0 8.0 —18.4 9.1 —15.8 9.3 
- s +0.9 +0:5 +0.3 +0.4 +0.4 
100% O2— 50% N;O —20.0 9.7 —11.0 7.0 —9.3 8.9 —T7.3 9.0 
TB +0.6 0.7 +0.3 +0.4 +0.0 
100% N5O — 100% O5 182.0 16.6 22.0 8.5 19.4 9.4 21.5 9.5 
+66.0 44.9 +0.5 +0.5 £0.7 T0 
50% N;O — 10096 O5 27.6 14.5 12.0 8.0 9.6 9.3 12.5 9.5 
5 2.1 1.3 +6.5 +0.5 +0.7 +0.7 
TABLE 3 
Nitrous Oxide Effect with 1% Dial Setting of Enflurane (3000 ml/min Total 3as Flow) 
Ohio Cyprane Drager Vapor Drager Vepor 19 
e = — = = 
Carrier gas change eed <n, ek 3 ee ve Le (n = 2) 
Change Duration Change Duration Change Duration Change Duration 
% min % min % min % min 
100% O; — 100% N20 —55.4 14.4 —18.5 6.1 —18.8 8.8 — 20.8 9.5 
+2.4 2714 a F Ae +0.5 +0.8 +0.8 +0.4 +0.7 
100% O;— 50% N;O —25.4 13.0 — 8.2 5.4 — 9.1 8.5 —10.5 8.8 
+18 $112 +05 +0.3 +0.4 EUS TO, +0.4 
100% NO — 100% O; 142.0 14.0 19.5 9.9 19.7 9.8 20.3 10.5 
+32.5 $16 - p 0.5 41.8 *1.3 +0.4 +0.7 
50% N20 — 100% O5 29.2 13.6 10.3 9.3 10.3 10.2 10.3 9.7 
£1.68 = = E T2111 +0.3 £1,.5 +1.0 +0.4 +0.2 
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FiG 5. Vaporizer output of Ohio, Fluomatic, Fluotec Mark III, 
and Drager vaporizers decreased as nitrous oxide concentration 
(in oxygen) increased at a time when total gas flow remained 
constant. Maximum reduction in halothane output was 34%. 
Reductions occurred at both high and low flows. A slight eleva- 
tion of vapor output was seen with the Fluotec Mark II as the 
nitrous oxide concentration increased. 
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FiG 6. Transient decrease of 5096 and more in halothane vapor 
output from an Ohio vaporizer occurred when the carrier gas 
was switched from 100% O; to 100% N5O at time zero for 5 
minutes. The magnitude and duration of the decrease depended 
on the flow rate of the carrier gas. 


With the exception of the Fluotec Mark II, all 
vaporizers tested performed reasonably well, espe- 
cially in matching the directly measured halothane 
concentration with that given by the dial setting. 
These good results were obtained both with free flow 
to the atmosphere and with a continuous positive 
back-pressure of up to 15 cm H»O. 

The performance of the Fluotec Mark II vaporizer 
has been studied extensively in the past." As shown 
in our results, below flow rates of 2000 ml/min and 
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FiG 7. Effect of changes in carrier gas on outputs of the three 
enflurane vaporizers at a flow rate of 3000 ml/min. The changes 
were most prominent in the Ohio vaporizer in both duration and 
magnitude. They were less pronounced in the Cyprane and 
Drager Vapor 19 vaporizers. 


3000 ml/min Oz 


at dial settings of less than 2%, this vaporizer delivers 
a concentration of vapor less than that indicated by 
the dial. At dial settings above 296 and with flow rates 
of less than 2000 ml/min, the output is higher than 
shown by the dial setting. This widely variable output 
at low fresh-gas flows was further modified by back- 
pressure. It is apparent that the large vaporizing cham- 
ber, small bypass, and short distance to the vaporizing 
chamber cause a lack of reliability in vapor output at 
low-flow settings with this vaporizer. Therefore, the 
Fluotec Mark II unit is not suitable for low-flow or 
closed-circuit anesthesia. 

All five of the Ohio units that we investigated 
displayed wide fluctuations in vaporizer output in the 
presence of back-pressure in spite of the check valve 
which was incorporated in the outlet port. This effect 
was especially striking at high gas flows and with 
large-volume ventilation, which revealed that the 
check valve was inefficient. We removed this valve 
and found that there was no significant difference in 
the vaporizer output with or without the valve. Evi- 
dently, the valve could not overcome the pressure 
created by high forward flows of gas and thus re- 
mained open throughout. Although marked fluctua- 
tions in vapor concentration were present, the mean 
mass output of vapor actually delivered did not differ 
from the output measured during free flow to the 
atmosphere unimpeded by positive-pressure phases. 

The most striking finding in this study was the 
modifying effect of nitrous oxide on the vaporizer 
output. In 1971, Stoelting® demonstrated that the de- 
livered halothane concentration increased slightly at 
dial settings below 1% when 60% nitrous oxide was a 
part of the carrier gas, as compared to the concentra- 





tion with oxygen alone. Diaz” further reported that 
the output of the Fluotec Mark II at the 0.5% and 1% 
settings was higher with nitrous oxide as the carrier 
gas; at 2.3% and 4% settings, however, it was higher 
with oxygen. Diaz also found the Drager Vapor and 
Fluomatic halothane vaporizer outputs at all dial set- 
tings to be higher with oxygen as the carrier gas than 
with helium or nitrous oxide. Our findings confirm 
the trend observed by Diaz” and Stoelting,? but, as 
shown in the results, the change is transient. When 
the previous carrier gas is being washed out of the 
vaporizer chamber by the new carrier gas, the flow 
distribution between the bypass and the chamber 
must return to normal for the vapor output to return 
to its original level. The direction of the change in 
halothane output is determined by the relative viscos- 
ities of oxygen and nitrous oxide (203.31 and 145.6, 
respectively), as indicated by Diaz. 

The magnitude and duration of the reduction in 
halothane concentration when the carrier gas was 
changed from oxygen to nitrous oxide were different 
for different vaporizers. The Ohio vaporizer exhibited 
the most prominent reduction, which is most proba- 
bly related to its construction and the size of the 
vaporizer chamber. These observed reductions in hal- 
othane concentration were related to the vaporizer 
dial setting, the concentration of nitrous oxide, and 
the total gas flow through the vaporizer. The higher 
the flow, the less the reduction and its duration; the 
lower the dial setting, the greater the reduction and 
its duration; and the greater the concentration of 
nitrous oxide, the greater the reduction. In the Ohio 
vaporizer, contrary to the decrease in halothane vapor 
output when carrier gas is changed from O» to NoO 
or to a mixture of N»O and Os, when the reverse 
change is made the clinical impact may be greater, 
since the vaporizer output was found to increase by 
20 to 38096 for periods of 5 minutes or longer de- 
pending on the dial setting and total gas flow used. 
Much less augmentation in vapor output was dem- 
onstrated when carrier gas with any percentage mix- 
ture of N;O and O; was changed to Os than when 
100% N:O was changed to 100% Oz (see Tables 2 and 
3). 

In clinical practice, N20 is rarely turned off before 
the vaporizer is turned off, but one must keep in mind 
that these changes may produce significant clinical 
effects. 

In contrast to previous reports,'^ '* for enflurane 
vaporizers,’” the results were similar to those obtained 
for halothane vaporizers (see Tables 2 and 3). 

Several vaporizers, specifically the Ohio and Dra- 
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ger, exhibited significant although transient elevations 
in concentration of vapor output up to 2% above the 
control value when changed from high flows to a low 
flow of approximately 500 ml/min. Such a maneuver 
may well >e used clinically during low-flow and 
closed-circuit anesthesia. The additional vapor output 
generated by the mechanisms outlined above is not 
very large, amounting to no more than 5 ml of 100% 
vapor. However, one should be aware of this when 
using closed-circuit anesthesia and low fresh-gas 
flows. 

Especially at low-flow settings, the quantitative ef- 
fect of upstream oxygen flushing is impressive. Thus, 
the peak concentration can exceed 10% with the Flu- 
omatic vaporizer, an effect which persists for more 
than 10 seconds (Fig 7). 

During -ecent years, the mass spectrometer has 
become pcrtable, accurate and versatile enough for 
many clinizal applications; it is no longer an instru- 
ment for research only. In routine clinical practice, 
the mass spectrometer can be utilized for continuous 
monitoring not only of concentrations of anesthetics 
but also of concentrations of CO», Ov, and No. As the 
results reported here show, the mass spectrometer 
can also b» used profitably for routine checking of 
vaporizer performance. 

For the past 7 years, we have been working on the 
clinical apolication of closed-circuit anesthesia. We 
have found that, after initial equilibration of the de- 
sired concentration of anesthetics in the circuit and 
the functicnal residual capacity, the input anesthetic 
gas flow can be kept nearly constant. The supply of 
anesthetic agent to match patient requirements is not 
critical, because the large circuit volume acts as a 
buffer, anc because uptake is concentration depend- 
ent and se-ves as a feedback control. Therefore, with 
the accuraey of vaporizer performance (except in Flu- 
otec Mark II) that we determined in this study, one 
can safely perform clinical closed-circuit anesthesia. 
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smoke Inhalation Decreases Pulmonary Surfactant 


The objective of this study was to define the primary pathophysiology of acute smoke inhalation 
without the variables of infection, burns, or fluid resuscitation. A standard dose of smoke (wood and 
kerosene) was delivered at 37 C to mongrel dogs. Measurements included arterial blood gases, 
carboxyhemoglobin, pulmonary and systemic hemodynamics, respiratory mechanics, surface tension 
area curves as an indication of surfactant activity, and in vivo photomicroscopy. The Fio, of the 
smoke was 0.17; the carbon monoxide 17,000 ppm. Immediately following smoke exposure, dense 
nonsegmentai atelectasis developed. Hemodynamic changes were insignificant, but thePao, decreased 

to 49 mm Hg; the right to left shunt increased from 5% to 41%. Surfactant reduction increased the 

minimum surface tension from 7 to 22 dynes/cm. This surfactant loss may explain the atelectasis and 

.the marked instability of subpleural alveolar walls. The data suggest that acute inactivation of 
surfactant is one of the primary pathophysiologic events in smoke inhalation. (Nieman GF, Clark WR 
Jr, Wax SD, et al: The effect of smoke inhalation on pulmonary surfactant. Ann Surg 191:171- 181, 
1980) 
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An analysis of 245 consecutive general anesthetics revealed that patients who were the most 
lixely to develop arterial hypertension after endotracheal intubation often had elevated (<140/ 


Hospital Admission Blood Pressure 
Predictor for Hypertension 
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90 torr) blood pressure (BP) at the time of hospital admission, although they were normoten- 

sve (5140/90) while on the hospital wards. The validity of this observation was tested 

prospectively by monitoring heart rate and intra-arterial pressure and then recording the 

response to endotracheal intubation in 50 consecutive patients who were divided into three 

groups: group | (30 patients) had BP < 140/90 torr during and after admission; group il (12 

patients) had BP > 140/90 torr on admission but «140/90 torr durinc hospitalization; and 

croup IH (8 patients) had BP > 140/90 torr during and after admissior. After rapid-sequence 

intubation with a thiopental-succinylcholine anesthetic technique, hear: rate and rate-pressure & 








product increased significantly in all three groups of patients. Mean BP in group 1 increased 

“om 90 torr + 2 SE just before induction to a peak value of 117 torr = 5 just after intubation 
(p < 0.05). The corresponding values in group Ill were 118 torr + 5 SE and 129 torr + 9 SE, 
respectively ( p > 0.05). In contrast, mean BP increased from 102 torr + 5 SE to 152 + 4 SE 


^ group Il ( p < 0.001 versus control and p < 0.05 versus groups i and Ili). Two of these 12 
patients developed ST-segment depression compatible with myocardial ischemia and eight 
required rapid reduction in BP with vasodilators and/or additional thiooental. It is concluded 








^at the response of BP to the stress of the hospital admission serves as a predictor for 


identifying patients who are most prone to develop severe hypertensicn following endotra- 
cheal intubation, especially after a rapid induction of anesthesia. 


Key Words: INTUBATION, Endotracheal: blood pressure; BLOOD PRESSURE: intubation. 





NDOTRACHEAL intubation in lightly anesthe- 
M tized patients frequently results in arterial hy- 
sertension and tachycardia which may cause sub- 
arachnoid hemorrhage, cardiac failure,' or myocardial 
ischemia.” Although manyepreventive measures have 
been proposed for patients who might be at risk for 
developing hypertension after endotracheal intuba- 
*jon, the only patients heretofore identified as being 
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likely to develop such hypertension are those in 
whom blood pressure is controlled poorly preopera- 
tively.” Tae present study was undertaken in order to 
identify cther patients who might be likely to develop 
marked L ypertension in response to endotracheal in- 
tubation. 


Methods and Materials 


Preliminary Evaluation 


A prospective evaluation of 245 consecutive general 
anesthetics performed for elective noncardiac opera- 
tions at he University of Virginia Hospital was un- 





dertaken in 1978. In each case anesthesia was induced _ I : p 
with thiopental and maintained with a variety of — 
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intravenous or inhalational techniques. Each anesthe- 
tist was interviewed shortly after patients underwent 
endotracheal intubation. Blood pressure (BP) just be- 
fore induction and the first BP measured by Korotkoff 
sounds after intubation were tabulated, as was the 
general anesthetic technique employed. Each patient's 
hospital record was then reviewed with particular 
attention to BP recorded at the time of hospital ad- 
mission and routine BP measurements made on the 
wards. Additional items sought were a history of 
hypertension and its treatment if any, and clinical 
evidence for cardiovascular disease, either from his- 
tory, physical examination, or diagnostic studies. 
After evaluating the preoperative hospital BP records 
it was possible to identify three groups of patients. 
Group I (167 patients) had admission BP and average 
BP in hospital «140/90. Group II (48 patients) had 
admission BP 140/90 and average BP in hospital 
«140/90. Group HI (30 patients) had admission BP 
and average BP in hospital 140/90. None of the 
patients in group I was known to be hypertensive, 
whereas 15 of the patients in group II had been told 
they were hypertensive and their condition was con- 
sidered medically controlled. Twenty-one patients in 
group Ill had known hypertension for which they 
were receiving medication. None was thought to have 
a poorly controlled condition, and the group's average 
BP on the ward was 154 + 3 SE/95 + 1.7 SE. 


Prospective Study of Hypertension after 
Endotracheal Intubation 


Analysis of the preliminary data indicated that only 
group 2 had a statistically significant increase in mean 
BP after endotracheal intubation (see "Results"). To 
test the usefulness of preoperative hospital BP records 
for predicting hypertension following intubation, we 
then recorded intra-arterial changes in BP following 
endotracheal intubation in 50 consecutive informed 
patients who received a single anesthetic technique 
for major elective noncardiac operations. (The pro- 
tocol for this study was reviewed and approved by 
the local Committee for the protection of human 
subjects in research.) Based on preoperative BP rec- 
ords as described above these patients were divided 
into group I, 30 patients, group II, 12 patients, and 
group HI, 8 patients. Premedication consisted of mor- 
phine, 0.1 mg/kg IM, diazepam, 0.1 mg/kg orally, 
and atropine, 0.4 mg IM, 1 hour before arrival in the 
operating room. A 20-gauge radial arterial cannula 
was placed percutaneously using local anesthesia and 
BP was continuously transduced (Bentley “800” trans- 


ANESTHESIA AND ANALGESIA 
368 Vol 59, No 5, May 1980 


ducers) and recorded. Awake control heart rate (HR) 
and BP were determined; 100% oxygen was used for 
denitrogenation. After injection of gallamine, 20 mg 
IV, general anesthesia was induced with thiopental, 3 
to 4 mg/kg IV, followed immediately by succinylcho- 
line, 1.5 mg/kg IV. Laryngoscopy and endotracheal 
intubation, performed as soon as the patients became 
apneic, were always completed within 20 seconds. 
Ventilation was controlled after intubation using a 
tidal volume of 10 ml/kg and a rate sufficient to 
maintain the same end-tidal CO» fraction (Beckman 
LB-2) as measured before induction of anesthesia. 
Phasic blood pressure and standard electrocardiogram 
(ECG) lead Il were recorded continuously, starting 
prior to induction of anesthesia and continuing for 5 
minutes after intubation. Mean arterial pressure was 
calculated as diastolic pressure plus one third the 
pulse pressure difference, and rate-pressure product 
was derived from systolic pressure multiplied by heart 
rate. | 

Statistical comparisons were performed using anal- 
ysis of variance and least significant difference testing. 
p « 0.05 was regarded as statistically significant. 


Results 


The Figure summarizes the results of our prelimi- 
nary study of 245 patients, correlating blood pressures 
obtained both at hospital admission and on the wards 
with blood pressures measured just before induction 
of anesthesia and just after endotracheal intubation. 
The patients in group H not only sustained a signifi- 
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HOSPITAL MEAN 

ADMISSION ON WARD 
Figure. Mean arterial blood pressure response to hospital ad- 
mission and endotracheal intubation in three groups of patients. 
A significant increase in blood pressure occurred following 
intubation only in the group of patients who were hypertensive 
(2140/90 torr) at the time of admission but who were otherwise 
normotensive during hospitalization. 
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INTUBATION 


PRE- 
INDUCTION 
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cant increase in mean BP after intubation, but 15% of 
the patients in group II developed a peak mean BP 
after intubation which was 40 torr higher than their 
highest previously measured BP. We also sought to 
find a correlation between hypertension after intu- 
bation and other factors, such as the anesthetic tech- 
nique used, a previous history of hypertension, or the 
type of medical management used for control of 
hypertension preoperatively. None of these variables 
correlated as closely with hypertension after intuba- 
tion as did the hospital admission BP. 

Data recorded from the 50 patients with direct 
arterial monitoring and rapid-sequence intubation are 
tabulated in the Table. The three groups of patients 
were similar clinically except that patients in group 3 
were significantly older than were patients in groups 
I and H, and all were receiving antihypertensive med- 
ication. Resting heart rates were similar in all groups 
whereas mean arterial pressure measured just before 
induction of anesthesia was significantly lower in 
group | as compared to groups H and HI. Rate-pressure 
product (RPP) before anesthesia was significantly 
higher in group HI than in groups I and Il. 

After endotracheal intubation, heart rate and rate- 
pressure product increased significantly above resting 
values in all three groups of patients. The patients 
who were hypertensive before anesthesia (group HI) 
did not have significant increases in arterial pressure 
after intubation. Normotensive patients (group I) had 
a statistically significant increase in mean arterial 
pressure after intubation, but none of these increases 
required pharmacologic intervention for BP control. 
In contrast, the patients in group II developed peak 
mean blood pressures 50 torr higher than control 
values, with a mean systolic/diastolic value of 214 + 
6 SE/120 + 4 SE. Peak BP and RPP were significantly 
higher than values measured in groups I and III after 
endotracheal intubation. Additional thiopental and/ 
or vasodilator was given promptly to control blood 
pressure in eight of the 12 patients in group H. Tran- 


TABLE 


sient S-F segment depression was observed in two 
cases, but there were no instances of postoperative 
myocard.al infarction or other complications related 
to intubation, and all blood pressures returned to 
control values within 5 minutes after intubation. 
There was no difference in cardiovascular response 
between the patients in group II who received pre- 
operative antihypertensive medication and those who 
were untreated. 


Discussion 


Elective admission to a hospital is an emotionally X 
and physically stressful experience despite the best 2 
efforts of all personnel involved. Many patients who 
are norrrotensive during routine BP measurement on 
the hospital ward demonstrate elevated BP when 
measured as they are being admitted.* In the present 
study these patients were considered to be normoten- 
sive, although some had previously documented hy- 
pertensicn which responded satisfactorily to medical 
therapy. Our data suggest, however, that a mild hy- 
pertensive response to the stress of hospital admis- 
sion, regardless of the patient's medical history, may 
serve to alert the anesthetist to the possibility that the 
patient rnay develop a hypertensive response to the 
stress of endotracheal intubation. This may reflect 
inadequete therapy of previously diagnosed hyper- 
tension, or it may indicate a previously unsuspected 
predilection toward hypertension. Peak mean rate- 
pressure product for the patients in group Il after 
intubaticn was 20,972 + 871 SE, a measure of my- 
ocardial oxygen demand far in excess of the 11,000 
value at which Roy et al^ found ECG evidence for 
myocardial ischemia in patients with known coronary 
artery disease. Although none of our patients had 
known coronary artery disease, it is not surprising in 
view of :he observed increase in myocardial oxygen 
demandes that two of the 12 patients in group ll 
developed transient S-T segment depression after 
endotracheal intubation. Had lead V; been monitored, 


Heart Rate (HR), Mean Arterial Pressure (MAP), and Rate-Pressure Product [RPP) before and after Endotracheal Intubation in 


Patients with Direct Arterial Pressure Monitoring" 


Awake control values 


Group N Age (years) EGER DIE IMMUNE pee 
HR MAP 
1 30 46 t3 80 + 2 90 + 21 
2 12 Sit 4 7644 102+5 
3 8 63 + 5t 7x3 11825 


Peak values after intubation 


RPP HR MAP RPP 
10,865 + 225 99+ 2+ 11745t 16,109 t 717i 
11,769 + 861 98 t4} 152 t4ti 20,972 + 8711i 
13,7781 + 737 100+ 5t 129 X9 17,033 + 1042 





* Values are means + SE. 
+ p < 0.05 versus the other groups’ values. 
ip < 0.05 versus control values. 
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an even higher incidence of ischemia might have been 
| seen. RR. 

The remarkably stable BP following intubation in 
the hypertensive patients in group Ill was somewhat 
unexpected. During the preliminary study we felt that 
this was related to administration of deep levels of 
volatile anesthetics before intubation, but we later 
observed the same pattern after rapid-sequence intu- 
bation as well. Prys-Roberts et al? likewise found no 
increase in BP over awake control measurements fol- 
lowing intubation of patients with hypertension, but 
these patients were intubated only after prolonged 
inhalation of 196 halothane. In the present study we 
believe that the preoperative medical therapy of all 
the patients in group III was responsible for minimiz- 
ing the response of their BP to intubation. 

Previously diagnosed hypertensive patients who 
were treated medically and remained normotensive 
both during and after hospital admission responded 
to intubation in the same fashion as the other patients 
in group I who had no prior history of hypertension. 
The increase in BP for group I was essentially identical 
with that reported previously by Forbes and Dally’ in 
normotensive patients undergoing rapid-sequence in- 
_tubation. Prys-Roberts et al.’ likewise noted that ad- 
equately treated hypertensive patients responded sim- 
ilarly to normotensive patients during general anes- 
thesia. 

In summary, we have described a subgroup of 
patients comprising about 20 to 25% of the surgical 
population who are prone to develop severe reactive 
hypertension in response to endotracheal intubation. 
These patients can be identified in advance because 
although they have normal BP following hospital 
admission, their BP is significantly elevated at the 
time of admission. When a rapid-sequence intubation 
is required, these are the patients who probably are 
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most likely to benefit from pretreatment with deep 
levels of anesthesia" or adjuvants such as lidocaine,” 
phentolamine," or nitroprusside." Patients receiving 
medical therapy for moderate hypertension that is 
present at the time of hospital admission and that is 
stable following admission have no further increase 
in BP following intubation. 
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Success of block of the sciatic nerve in the popliteal fossa in 130 patients was assessed by 
an anesthesiologist at the time of surgery. The patients were evaluated for complications by 
the anesthesiologist during postoperative rounds and by the orthopecic surgeon at the 1- 
month follow-up visit. Acceptance of the block by the patient was judged by answers on a 
questionnaire filled out by the patients after they had gone home. The questionnaire was 
designed to determine satisfaction with the block, discomfort associated with performance of 


.ssessment of Block of the Sci. 
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the block, and whether sensations suggestive of paresthesias or other complications not 
evident at the time of discharge. from the hospital had occurred. Of 149 patients responding to 
the questionnaire, 105 (88.296) expressed overall satisfaction with tre anesthesia. Two pa- 
tients described sensations compatible with postoperative paresthesias, and two others de- 
scribed sensations that may have been paresthesias; in none did the-sensations last longer 
than 1 month. Assessment of the blocks by the anesthesiologist in al 130 patients in the 
‘Study revealed that anesthesia satisfactory for completion of the ope-ative procedure was 
achieved in 107 (82.396). General anesthesia was needed in eight petients (6.2%), and in 15 
patients (11.596) intravenous sedation or injection of the site of surgizal incision with local 


anesthesia (or both) was needed. 


Key Words: ANESTHETIC TECHNIQUES: Regional, sciatic block; ANATOMY, sciatic nerve. A 





Bs LJ LOCK of the sciatic nerve with local anesthetics 
: LD at its termination in the popliteal fossa is not 
used extensively for surgical procedures. The infre- 
-quent use of this block by anesthesiologists may be 
related to the limited area of anesthesia it provides, 
the possible difficulty in consistently achieving satis- 
factory anesthesia,’ or the belief that blocking the 
sciatic nerve or its terminal branches in this location 
ds associated with a high incidence of complications 
and residual paresthesias* The latter reason has been 
-difficult to substantiate from a review of the literature. 
‘Nevertheless, a current textbook of regional anesthe- 
sia has “purposely omitted" "block procedures used 
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infrequently, those having a high incidence of serious 
complications, and certain other blocks in which re- 
sidual paresthesias occur with a high frequency." 
Included in one or more of these categories were 
“superficial peroneal nerve block and anterior and 
postericr tibial nerve block.'^ 






The present study was undertaken to assess the — — 


incidenee of postanesthetic complications with use of 


the block and to establish the overall rates of success 
and of ecceptance by patients. 


Methods and Materials 


In our practice, block of the sciatic nerve in the 


poplitezl fossa is a standard anesthetic technique that 


has been used routinely for several years and is . 


considered to be the anesthetic method of choice for 
operatiens on the foot. The major criteria for selection 
of this technique are (1) that the operation can be 


comple ed within the time of anesthesia provided by i 


the block; (2) that the patient has no neurologie : 
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SCIATIC NERVE BLOCK 


disease involving the lower extremity; and, (3) that no 
infection exists at the block site. 

During collection of data for this study, an attempt 
was made to minimize variation in surgical techniques 
by including the patients operated on by only one 
surgeon. Thus, the criterion for inclusion in the study 
was that the patient receiving a block be operated on 
by this surgeon. Because the study involved only 
assessment of the success rate of the block, written 
informed consent by the patient for inclusion in the 
study was not required. The study included 130 pa- 
tients operated on in a 26-month period. Information 
for the study was gathered on two forms. One form, 
filled out by the anesthesiologist at the time of sur- 
gery, included information about premedication, 
amount of anesthetic injected, nature of the pares- 
thesia obtained, use of a tourniquet to provide a 
bloodless operative field, need for anesthetic supple- 
mentation, and adequacy of the block. The second 
form was a questionnaire sent to the patient 2 weeks 
after discharge from the hospital. The questionnaire 
was designed to evaluate discomfort associated with 
performance of the block, to determine the presence 
of sensations suggestive of paresthesias or other com- 
plications not evident at the time of discharge from 
the hospital, and to determine whether the patient 
was Satisfied with the block. 


Patients Studied 


The patients were from 14 to 84 years old (mean, 
50.8 years). There were 84 females and 46 males. 
Operative procedures lasted from several minutes to 
2 hours (average time, 51 minutes) and ranged in 
complexity from removal of a lipoma to multiple 
metatarsal osteotomies. 


Premedication 


Since communication with the patient was impor- 
tant in successfully eliciting a paresthesia, patients 
were lightly premedicated: 66% received 50 mg of 
meperidine, 25% received 75 mg of meperidine, and 
9% received no premedication. Premedication was 
given 30 to 45 minutes before the block procedure 
was begun. 


Anatomy 


Popliteal fossa anatomy was reviewed by dissection 
in two bodies and by examining bodies dissected by 
medical students in 16 additional bodies. 

The fossa is a diamond-shaped area located behind 
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the knee, bounded inferiorly by the medial and lateral 
heads of the gastrocnemius and superiorly by the long 
head of the biceps femoris on the lateral side and the 
superimposed tendons of the semitendinosus and 
semimembranosus on the medial side? (Figs 1 to 3). 

The sciatic nerve, formed from spinal cord seg- 
ments L-4 through S-3, is actually two nerves con- 
tained within a common connective tissue sheath, the 
larger tibial division located medially and the com- 
mon peroneal division located laterally in the nerve. 
In about 1096 of cases, the two divisions remain 
separate, so that no single nerve is formed.* This 
variation existed in one of the bodies examined; al- 
though separated, the nerves were contained in close 
proximity within a common connective tissue sheath. 
Thus, at the apex of the popliteal fossa, where the 
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Fig 1. At the termination of the sciatic nerve in the popliteal 
fossa, connective tissue surrounding the nerve continues be- 
yond its bifurcation and holds the terminal divisions in close 
proximity until approximately midway through the popliteal 
fossa. Beyond this point, lateral divergence of the common 
peroneal nerve places it parallel to the tendon of the biceps 
femoris muscle for a short distance before it leaves the fossa. 
Note that the sciatic nerve is slightly lateral to the midline. 
(Printed with permission. Copyright © 1977 Mayo Foundation.) 


RORIE ET AL 


Common 
P peroneal n. 


FiG 2. Cross-section of lower extremity through the popliteal 
fossa showing relationship of structures within the fossa. Supe- 
rior medial and lateral boundaries are formed by tendons of the 
semitendinosus muscle and the long head of the biceps femoris 
muscle, respectively. The sciatic nerve is dividing into the com- 
mon peroneal nerve and the tibial nerve. The femoral artery lies 
close to the femur, with the popliteal vein superficial to the 
artery. Both vessels are 1 to 1.5 cm medial to the nerves. The 
nerves are suspended approximately midway between the skin 
and the posterior surface of the femur in the fat-filled fossa 
(dissected away in this drawing). (Printed with permission. Co- 
pyright € 1979 Mayo Foundation.) 


sciatic nerve typically terminates by dividing into 
common peroneal and tibial parts (Fig 1), the ununited 
divisions were in approximately the same relation as 
they are when a single sciatic nerve is formed. 

After the sciatic nerve terminates, the components 
are held in close proximity for an additional 1 to 3 cm 
by the surrounding connective tissue sheath, so that 
the lateral divergence of the common peroneal nerve 
in its course through the popliteal fossa is gradual. 
The tibial nerve continues in the same direction as the 
sciatic and is parallel to and 0.5 to 1 cm lateral to the 
midline of the popliteal fossa (Figs 1 and 3). 

Because the popliteal fossa is filled with fat, diffu- 
sion of injected local anesthetics may be impaired. 
Positioning the needle tip near the nerve before injec- 
tion enhances the chance of a successful block. The 
position of the needle should be confirmed by elicit- 
ing a paresthesia. Understanding the relationships of 








FiG 3. Upper half of the popliteal fossa is identified by palpation 
and is represented by triangle ABC. Line A-B corresponds to 
the tendon ci the semitendinosus muscle; line A-C, to the tendon 
of the long head of the biceps femoris; and line B-C, to the skin 
crease in the back of the knee. Line A-E bisects the triangle into 
equal halves. Point D is 5 cm superior to point E. The needle is 
inserted at ' X," 1 cm lateral to point D, at an angle of 45 to 60? 
to the skin and is advanced until a paresthesia is obtained. 
(Printed with permission. Copyright © 1977 Mayo Foundation.) 


the nerves within the fossa helps in positioning the 
needle. It is particularly important to know that the 
sciatic nerve and its terminal branches are superficial 
to the popriteal vessels and are located approximately 
midway between the posterior surface of the femur 
and the skin covering the fossa (Fig 2). The distance 
from nerv2 to skin or from nerve to posterior surface 
of the femur is usually between 1.5 and 2 cm. Remem- 
bering the intermediate position of the nerve is im- 
portant if a paresthesia is not obtained with the first 
thrust of tne needle, since the needle can be pivoted 
over the nerve when the direction is changed. There- 


- fore, the tp of the needle should be brought to the 


surface of the skin before the needle is redirected. 

The coramon peroneal nerve, after leaving the pop- 
liteal fossa, winds around the neck of the fibula and 
divides into deep and superficial peroneal nerves. The 
tibial nerve leaves the popliteal fossa and runs deep 
in the leg in company with the posterior tibial artery 
to a poi between the medial malleolus and the 
calcaneus, where it divides into medial and lateral 
plantar nerves. The distribution of these nerves is 
shown in “ig 4. The sural and saphenous nerves also 
contribute to the cutaneous innervation of the leg and 
foot (Fig =). The sural nerve is formed chiefly from 
the tibial nerve, but it also receives fibers from the 
common »eroneal; the saphenous nerve is a branch 
of the ferroral. 
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Block Technique 


The patient, in the prone position, is asked to lift 
(flex) his leg about 30° from the table top. This 
maneuver causes the upper borders of the popliteal 
fossa to become more easily palpable. The upper 
borders are then outlined, and the popliteal fossa is 
divided into equal medial and lateral triangles (Fig 3). 
An intradermal wheal of local anesthetic is raised 
approximately 5 cm superior to the skin crease behind 
the knee joint (line B-C) and 1 cm lateral to point D 
on the line (A-E) that bisects the superior part of the 
popliteal fossa (Fig 3). A 22-gauge, 7.5-cm spinal 
needle is introduced through the wheal while being 
held at an angle of 45 to 60° to the skin, with the tip 
in an anterior and superior direction. The needle is 
advanced until a paresthesia is obtained. The needle 
is then withdrawn 1 to 2 mm to minimize the possi- 
bility of intraneural injection. After aspiration with 
the syringe, 35 to 45 ml of equal volumes of 0.5% 
bupivacaine and 3% chloroprocaine is injected (ap- 
proximately 0.5 to 0.6 ml/kg of body weight in adults; 
the block is not used in pediatric patients). 

If an Esmarch tourniquet is placed above the ankle 
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Tibial n: 
FiG 4. Area of peripheral distribution of cutaneous nerves of 
the leg: anterior view (left) and posterior view (right). (Printed 
with permission. Copyright 1979 Mayo Foundation.) 
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to achieve a bloodless field (done in all but one patient 
in this study), a saphenous nerve block is performed 
in addition to the previously described block. This is 
done by injecting 5 to 10 ml of the anesthetic mixture 
deeply subcutaneously in a 5-cm arc just below the 
medial surface of the tibial condyle. 

The entire block procedure can be done in less than 
10 minutes. Anesthesia is sufficiently complete to 
permit surgery to begin in 25 to 35 minutes. 


Results 


Evaluation of Blocks by Anesthesiologists 


Anesthesia satisfactory to complete the entire op- 
eration was achieved in 107 patients (82.3%). The 
remaining 23 patients (17.7%) needed additional an- 
esthesia at some point during surgery (Table 1). In 
four patients (3.196), tourniquet pain developed about 
1 hour after the operation had begun; they were given 
diazepam (2.5 to 10 mg), meperidine and prometha- 
zine (Mepergan) (0.25 to 2 ml), or fentanyl and dro- 
peridol (Innovar) (1 to 2 ml). Five patients (3.896) were 
aware of the surgical incision; after injection of 2 to 
5 ml of 196 lidocaine at the site of the incision, the 
surgical procedure was completed without discom- 
fort. In six patients (4.696), anesthetic infiltration of 
the incisional site by the surgeon and supplementary 
sedation by intravenous administration of drugs were 
needed. Eight patients (6.296) received general anes- 
thesia. 


Evaluation of Blocks by Patients 


The questionnaire assessing discomfort experi- 
enced during performance of the block, overall satis- 
faction with the block, and any complication occur- 
ring after dismissal from the hospital was returned by 
119 patients (91.5%). The discomfort associated with 








TABLE 1 
Patients Receiving Block and Those Requiring Additional 
Anesthesia E 
Patients 
No. 96 
Receiving block 130 
Requiring additional anesthesia 23 TLT 
Local anesthetic injected by surgeon 5 3.8 
Intravenous sedation (diazepam, 4 3.1 
Mepergan, or Innovar) 
Both local anesthetic and intravenous 6 4.6 
sedation 
General anesthesia 8 6.2 
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the block procedure, summarized in Table 2, was 
‘ound to be minimal (“Hardly hurt") by 56 patients 
AT, 1%), mild ("Not too bad") by 32 (26.9%), moderate 
"Significant pain, but acceptable") by 26 (21.896), and 
severe “It was awful") by 5 (4.2%). Table 3, a sum- 
mary of overall satisfaction, shows that 89 of the 119 
responding patients (74.8%) were completely satisfied 
with the anesthesia, 16 (13.4%) were satisfied but had 
minor reservations, 3 (2.5%) were satisfied but had 
major reservations, 9 (7.6%) were dissatisfied, and 2 
175) did not answer the question. 








Complications Associated with Blocks 


. No hematomas or infections were found during the 
»ostoperative visit or during the 1-month follow-up 
visit to the orthopedics clinic, nor were these compli- 
cations reported in any questionnaire. No paresthesias 
^ad been noted by any patient by the time the post- 
operative visit was made. In the questionnaire, how- 
ever, two patients clearly described sensations com- 
patible with paresthesias, and two others described 
sensations that may have been paresthesias. In all 
our patients, the frequency and intensity of the sen- 
sations likely to have been paresthesias decreased 
before disappearing at about 1 month. 


. Discussion 


. This study indicates that block of the sciatic nerve 
and its terminal branches in the popliteal fossa can be 
ased to provide anesthesia for short surgical proce- 
dures involving the ankle and foot. The technique is 
simple; it involves eliciting a paresthesia in the distri- 
bution of either the common peroneal or the tibial 
aerve and depositing local anesthetic around the site 
of paresthesia. Thus, placement of the local anesthetic 
solution around the nerve trunk is assured. A pares- 
thesia was usually not difficult to elicit except in 
zrossly obese patients. Since a paresthesia is essential 
to correct placement of the drug and a successful 








TABLE 2 ® 
Discomfort Associated with Block Procedure Reported by 
119 Patients Returning Questionnaire 











Patients 

No. % 
Minimal: “Hardly hurt" 56 471 
Mild: "Not too bad" 32 26.9 
Moderate: "Significant pain, but accept- 26 21.8 

able" 

Severe: "It was awful" 5 4.2 
- — Total 119 100 

















block, a peripheral nerve stimulator’ is useful | in n 
patients in whom paresthesias are difficult to obtain. - 
Althougk not used in any of the patients in this study, E 
this aid is used now whenever difficulty is encoun- | 
tered in diciting a paresthesia. TR 

The bləck provided anesthesia € for. surgi- 2 
cal procedures lasting up to 120 minutes, although the E 
average cperative time was 51 minutes. Eight (6.290) - 
of 130 pstients receiving the block required general 
anesthesia before the surgical procedure. cc 
completed. Among the eight patients, howev 
one whore operation, because of a schedulir 
lem, was delayed for 120 minutes after. compl 
the block. Although this patient had good anesth 
and tolerated the procedure well at the beginning of 
the operation, general anesthesia supplementation - 
had to be given to complete the surgical procedure. 
This evert, although causing the incidence of patients MR 
requiring general anesthesia to be higher by one — 
patient than it realistically should have been (6.276 — . 
instead cf 5.4%), suggests that with the volume and  - 
concentration of local anesthetics used, anesthesia 
exceeding 2.5 hours may not predictably result. ES 

Since communication with the patient is important _ oo 
in succe:sfully eliciting a paresthesia, the patients 
were ligFtly premedicated, a factor that undoubtedly 
increasec the incidence of discomfort associated with 
performance of the block. 

Sensatons probably representing postoperative 
paresthesias were reported by four patients (3.4%). 
The onset was not noted until several days after the 
operation and seemed to coincide with the reestab- 
lishment of weight bearing during ambulation. The 
cause of these sensations is unknown, but they could 
have been due to the operative procedure, to the 
tourniquets that were used, or to the anesthetic pro- 
cedure. In all patients, the sensations had disappeared 
by the tine of the 1-month follow-up visit. 

The results of this study, differing from those of a 
previous report that suggested satisfactory anesthesia 





TABLE 3 


Overall Satisfaction with Anesthesia Expressed by 119 
Patients Feturning Questionnaire 








Patients 

No. 96 
Complete satisfied 89 74.8 
Satisfied with minor reservations 16 13.4 
Satisfied with major reservations 3 2.5 
Dissatisfied 9 7.6 
Did not arswer this question 2 1.7 

Tota 119 100 
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SCIATIC NERVE BLOCK 


is difficult to achieve with this block,’ suggest that 5:70, 1976 | 
block of th oe t its t , "as indie 2. Moore DC: Regional Block: A Handbook for Use in the Clinical 
DCECOLHDESSCIMUE Dui ud Me Ed Practice of Medicine and Surgery. Fourth edition. Springfield, 

popliteal fossa or block of its terminal branches aris- IL, Charles C Thomas, Publisher, 1965, p vii 
ing there is not associated with a high incidence of 3. Woodburne RT: Essentials of Human Anatomy. Sixth edition. 
: : Abl ; New York, Oxford University Press, 1978, p 533 
js complications and residual paresthesias. Fur- 4. Larsell O: The nervous system, in Morris' Human Anatomy: A 
ther, the block was well accepted by patients. Complete Systematic Treatise. Tenth edition. Edited by JP 
Schaeffer. Philadelphia, Blakiston Co, 1942, p 1133 
5. Montgomery SJ, Raj PP, Nettles D, et al: The use of the nerve 
REFERENCE stimulator with standard unsheathed needles in nerve block- 
1. Bryce-Smith R: Local analgesia of the limbs. Monogr Anaesth ade. Anesth Analg 52:827-831, 1973 


Negative Inotropic Effect of Albumin 





The inotropic effects of albumin were studied in 94 seriously injured patients who received an 
average of 14.5 transfusions, 9.2 L of crystalloid, and 0.9 L of plasma prior to the end of surgery. By 
random selection, 46 patients received added albumin averaging 31 g during surgery, 198 g during the 
early postoperative period, and 395 g during the next 4 days. Left ventricular stroke work index, 
(LVSWI) was plotted against pulmonary wedge pressure (PWP) in 22 patients who had indwelling 
thermistor pulmonary artery catheters at the time of the first study. Calculated heart work units (WU) 
were derived from the pulse pressure, mean arterial pressure, pulse rate, and central venous pressure 
(CVP) in patients without LVSWI measurements. Albumin supplementation increased serum albumin 
(4.2 vs 2.9 g%), plasma volume, CVP (15 vs 9 cm H20), but did not alter red cell volume (1531 vs 1519 
mi). The ratio of LVSWI/PWP fell in albumin patients (1.9 + 1.6 vs 4.8 + 1.8), and the ratio of WU/ 
CVP was significantly depressed in the albumin group (4.9 + 2.3 vs 7.3 + 2.1). The slopes of the 
LVSWI/PWP and WU/CVP were shifted to the right the albumin group. This negative inotropic 
effect was associated with impaired oxygenation, as reflected by an increased ratio of inspired oxygen 
to arterial oxygen tension (0.62 + 0.06 vs 0.33 + 0.1). Finally, 24 of the 46 albumin-treated patients 
were digitalized for heat failure, compared to only 11 of the patients who did not receive albumin. 
These data suggest that albumin should be considered a potentially negative inotropic agent. (Dahn 
MS, Lucas CE, Ledgerwood AM, et al: Negative inotropic effect of albumin resuscitation for shock. 
Surgery 86:235— 241, 1979) 
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Human Malignant 
lyperthermia: Awake 
=“pisodes and Correction 
by Dantrolene 
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One of the remarkable differences between human 
and porcine malignant hyperthermia (MH) is that MH 
in swine may be easily triggered by stress in awake 
animals but that human MH has generally been ob- 
served only during anesthesia. The report of Wingard 
and Gatz’ of a higher incidence of unexplained deaths 
in susceptible families suggests that episodes of MH 
in awake humans may not be rare. These episodes 
might, however, be more subtle in humans than in 
swine, in that humans may learn to regulate their 
environment so as to restrict the initiating or contrib- 
uting factors. The following case report of episodic 
hyperthermia may be an example of human MH 
triggering while awake. 


Case Report 


A 42-year-old man requested examination because of an 
intermittent fever of unknown origin. Approximately 20 to 
25 years previously, he had first noted that extreme physical 
or emotional stress or fatigue resulted in aching in his joints, 
malaise, fever to 40 C or more, and soaking sweats. These 
signs and symptoms persisted despite treatment with aspi- 
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rin and su-face cooling. After 3 to 4 days, the fever finally 
“broke,” leaving him exhausted and requiring several days 
of rest. Pror examinations from other hospitals document 
these episcdes; their findings were otherwise negative, how- 
ever, exceot for both a mildly elevated blood sugar and 
diabetic gl cose tolerance test during the episodes only. He 
had not been exposed to anesthetic agents that trigger MH. 
Over the vears the patient had learned to prevent or limit 
these episodes by avoiding stress or fatigue and by the 
occasional use of diazepam and aspirin. Upon examination 
the patien: was muscular, slightly obese, and 175 cm tall; 
he weighed 90 kg and had appropriate strength. Physical 
examination and laboratory data were within normal limits. 

Because his episodes resembled those of malignant hy- 
perthermis, further work-up included stressed cardiac ex- 
amination, electromyography, platelet count and morphol- 
ogy, red cell fragility, serum creatine phosphokinase (CPK) 
level, and muscle biopsy with halothane-caffeine contrac- 
ture dose--esponse curves and measurements of adenosine 
triphosphete (ATP) depletion. All were within normal lim- 
its, except for the contracture responses. 

The muscle biopsy was performed using 196 procaine 
local infiltration and bundles were prepared as previously 
described." ^ One bundle was placed in a caffeine bath; it 
was 1.2 cn long with wet weight of 0.0791 g. Another 
bundle wzs placed in a halothane-caffeine bath; it was 1.4 
cm long and weighed 0.0832 g. Both bundles were stimu- 
lated supramaximally at 8 msec and 0.1 Hz, optimal length 
(lo) was determined, and the bundles were then allowed to 
stabilize fer 20 minutes in the 37 C baths. Caffeine baseline 
tension wes 1.20 g and halothane baseline tension was 1.40 
g. No contracture developed with halothane alone. Caffeine 
contracture responses (Figure) were shifted to the left as 
compared to those from normal patients." The differences 
in Žo (0.3 for the patient vs 0.2 for the normal group? are not 
responsible for the shifts in threshold, as similar variations 
in Jo have been observed in other diagnostic evaluations 
that were not associated with a shift in threshold. In the 
ATP depletion test, ATP was 2.67 umol/g in muscle not 
exposed to halothane, and 2.58 umol/g in halcthane-ex- 
posed muscle. 

The patient returned home and subsequently experi- 
enced on :wo occasions the characteristic signs and symp- 
toms that usually progressed into a febrile episode. The 
first time, he described it as “... the old symptoms ...,” 
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FIGURE. Contracture dose-response curves of the patient's 
muscle compared to mean dose-response curves from a normal 
population.* Note the shift to the left, indicating a lower threshold 
to caffeine in the presence or absence of halothane. lo, Optimal 
length. 


and, after several days, took dantrolene orally. It “... 
worked almost immediately ..." and "... any symptoms 
concerning a possible temperature disappeared ..." com- 


e pletely within 18 hours of beginning dantrolene. The initial 


dose was 1.1 mg/kg, and the total dose over 15 hours was 
2.2 mg/kg. Several hours after beginning dantrolene, he 
noted weak legs, a "funny" sensation in his muscles, and 
loss of coordination. The second occasion was about 1 year 
later: "Last week the old feeling returned and | took dantro- 
lene for the second time since the MH was uncovered. This 
time I reduced the dosage and took two pills at the inception. 
They gave me a weak feeling, but did the job just great 
.... All MH symptoms were relieved within 2 to 3 hours 
after taking the two pills." The dose was 1.1 mg/kg. 

The patient's father is also muscular and has consistently 
elevated serum CPK values, occasionally 10 to 20 times 
normal levels. He did not consent to further examination. 
-He has had three uneventful anesthetics, two without ex- 
posure to triggering agents and one that included a succi- 
nylcholine infusion for 30 minutes as a supplement to 
nitrous oxide and thiopental. The patient's 21-year-old 
daughter and 23-year-old son were evaluated and had nor- 
mal CPK values and normal contracture responses on mus- 
cle biopsies. The daughter had an enflurane-succinylcholine 
anesthetic and the son halothane in the past, both unevent- 
fully. 

We concluded that the patient and his father are suscep- 
tible to MH and should wear Medic-Alert bands warning 
of the potential hazards of potent volatile agents and suc- 
cinylcholine. 


ANESTHESIA. AND ANALGESIA 
Vol 59, No 5, May 1980 


378 


Discussion 


The symptoms of our patient strongly suggested a _ 
hypermetabolic response to stress, a diagnosis also 
proposed by another physician in 1974. The tempo- 
rary diabetic pattern was apparently secondary to 
increased circulating levels of catecholamines or to 
adrenocortical stimulation, as there is a pronounced 
stimulation of the sympathetic nervous system during 
MH episodes which includes increases in circulating 
catecholamines to levels greater than 20 ng/ml. The 
muscle contracture responses were decidedly abnor- 
mal for our laboratory” and indicate susceptibility to 
malignant hyperthermia? ATP depletion values did 
not confirm the diagnosis of susceptibility; however, 
these have not been as accurate, in our experience, as 
contracture responses in determining susceptibility.” 
This patient was also unusually sensitive to dantro- 
lene; oral doses of 2 to 4 mg/kg of dantrolene used 
preoperatively in several other susceptible patients 
have not resulted in weakness. 

We conclude that MH in humans, as in swine, can 
be triggered in awake subjects, but that, unlike swine, 
humans may limit the incidence or the severity of 
these episodes through conscious control of their 
environment or emotions. Therefore, these episodes 
may not always be obvious to others, and the associ- 
ated sympathetic hyperactivity could lead to erratic 
behavior or cardiac abnormalities." These episodes 
could in part account for the observations of Wingard 
and Gatz’ that the incidence of sudden unexplained 
demise is higher in MH families than in normal 
families. 
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Arrhythmias during surgery frequently confront 
the anesthesiologist. The type of arrhythmia can usu- 
ally be ascertained by examination of the ECG; the 
underlying cause, however, may not be easy to deter- 
mine. Surgical stimulation in an inadequately anes- 
thetized patient, instrumentation of the airway, hy- 
poxia, hypercarbia, electrolyte imbalance, and my- 
ocardial ischemia account for the majority of arrhyth- 
mias and should always be excluded as possible eti- 
ologic factors. An unusual cause for intraoperative 
arrhythmias in a previously asymptomatic patient is 
prolapse of the mitral valve (Barlow’s syndrome). 


Case Reports 


Case 1 


A 51-year-old woman was scheduled for an ovarian 
cystectomy. There was no history of cardiac or respiratory 
disease. Past history included an appendectomy performed 
under general anesthesia 18 months previously. The anes- 
thesia was reportedly uneventful. 

; Preoperative examination revealed a healthy middle-aged 
woman. The heart rate was 78 beats per minute and regular, 
and the blood pressure was 130/80 mm Hg. The chest was 
normal on auscultation. The ECG and chest x-rays were 
within normal limits. Laboratory data included serum so- 
dium 140 mmol/L, potassium 3.8 mmol/L, blood urea 
nitrogen 2.32 mmol/L, and hematocrit 38%. 

. The patient was given 10 mg of morphine, 25 mg of 

promethazine, and 0.4 mg of atropine intramuscularly 1 
hour prior to arriving in the operating room. While ECG 
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electrodes and blood pressure cuff were being attached and. 
the intraveaous infusion started, the patient developed ven- — 
tricular bigeminy. Before any therapeutic intervention could 
be initiatee, sinus rhythm resumed. The arrhythmia was 
ascribed toanxiety causing catecholamine release and it was C 
decided to continue with the operation. | 

Anesthesia was induced with 200 mg of thiopental fot 
lowed by .00 mg of succinylcholine to facilitate endotra-. E 
cheal intukation. Immediately upon inserting the laryng 
scope, the »atient once again developed bigeminy. C 
occasion, instrumentation of the airway in the pres n 
inadequate anesthesia was presumed to be the prec it 
factor. Anesthesia was rapidly deepened with a 5096 mixtur 
of nitrous oxide in oxygen and 4% enflurane; within 2 
minutes a normal sinus rhythm was restored. E 

Anesthesia was maintained with a 50:50 nitrous oxide p 
oxygen mcxture (total flow 6 L/min) and 2% enflurane. | 
Satisfactory muscle relaxation was obtained with 3 mg of 
pancuronimm. The tidal volume was 600 ml delivered at a 
rate of 12 »reaths per minute. 

Anesthesia was uneventful for approximately 45 minutes, 
when for the third time and without apparent reason, 
ventricular bigeminy recurred. Vital signs were otherwise 
stable and 75 mg of lidocaine was administered —without 
effect. Four minutes later, sinus rhythm spontaneously re- 
sumed. Tbe operation was completed 30 minutes later. - 

Following 2.5 mg of neostigmine and 1.2 mg of atropine, 
the patiert began breathing spontaneously with a vital 
capacity oœ 900 ml. On request, she opened her eyes and 
lifted her nead. The endotracheal tube was removed and 
during this maneuver a fourth and equally transitory epi- 
sode of ventricular bigeminy occurred. 

in the recovery room, the patient was given Os at 4 L/ 
min by nasal catheter. Bigeminy was noted to appear and 
disappear intermittently. Serum electrolyte levels at that 
time included sodium 138 mmol/L and potassium 3.8 
mmol/L; an arterial blood sample showed the pH to be 
7.38, Po, 375 mm Hg, Pco, 35 mm Hg, and a base deficit of 
2.0 meq/L. A lidocaine infusion at a rate of 2 mg/min was 
started bu: the patient continued to have intermittent runs 
of ventrictlar bigeminy for some 18 hours after the opera- 
tion. The .nesthesiologist felt that the case merited further 
investigation and on the following day an echocardiogram 
was perfozmed. A classic mitral valve prolapse was discov- 
ered. The patient was discharged on the 5th postoperative 
day, continuing to have short runs of bigeminy, although 
not comp.aining of palpitations. No medication was pre- 
scribed or discharge from the hospital. 














Case 2 


A 30-year-old white man had a 7-year history of a 
cervical li»oma. In the past the patient had undergone an > 
initial resection of the lipoma with laminectomy, followed — 
by three additional operations at another institution for = 
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recurrence of the lipoma and development of arachnoiditis. 
As far as could be ascertained there were no anesthetic 
complications. The patient was admitted to UCLA Medical 
Center with a 3-month history of progressive upper and 
lower extremity weakness and urinary and fecal inconti- 
nence. A preoperative myelogram demonstrated recurrence 
of the lipoma. Past medical history was remarkable only for 
a heart murmur which the patient had been told was of no 
significance. The patient denied any history of palpitations, 
shortness of breath, or chest pain. Physical examination 
revealed a well-developed, well-nourished man with mild 
muscle wasting in both upper and lower extremities. On 
auscultation of the chest, a grade 2/6 midsystolic crescendo- 
decrescendo murmur was heard along the left sternal border 
and scattered expiratory wheezes were present throughout 
both lung fields. Admission laboratory data and preopera- 
tive chest x-ray were within normal limits. The only ECG 
abnormality was a somewhat short PR interval (0.11 to 0.12 
seconds). The patient was premedicated with meperidine 
(75 mg) and promethazine (12.5 mg) intramuscularly. He 
was extremely anxious upon arrival in the anesthesia in- 
duction room and was given an additional 100 mg of 
meperidine in divided doses intravenously during insertion 
of an arterial catheter. Anesthesia was induced with thio- 
pental (200 mg). Pancuronium (7 mg) was given to facilitate 
endotracheal intubation. Anesthesia was maintained with 
oxygen, nitrous oxide, and 2% enflurane. The patient was 
placed in a sitting position for the cervical laminectomy. 
Approximately 30 minutes after the operation was started 
the patient developed a sinus tachycardia of 140 beats per 
minute. Arterial blood pressure remained unchanged. It was 
thought that there might be a ventilatory problem and an 
arterial blood sample was obtained which showed pH 7.36, 
Peo, 40 mm Hg, and Po, of 135 mm Hg with Fio, of 0.3. 
During the next 30 minutes the heart rate increased to 150 
beats per minute. Close examination of the ECG revealed 
supraventricular bigeminy with pulsus alternans. The arte- 
rial pressure remained stable so no additional treatment 
was initiated. Approximately 20 minutes later atrial flutter 
occurred with an atrial rate of approximately 280 per minute 
and a ventricular rate of approximately 140, i.e., a 2:1 block. 
This persisted without evidence of hemodynamic compro- 
mise, It was thought that the enflurane might have contrib- 
uted to the arrhythmia and so it was discontinued. Four 50- 
mg doses of meperidine were given intravenously over the 
next 20 minutes without change in rhythm. After another 
20 minutes, the rhythm changed to atrial fibrillation with a 
ventricular response of approximately 130 beats per minute. 
Once again, the arterial pressure remained unchanged. For 
the remainder of the operation atrial fibrillation alternated 
with atrial flutter. At the completion of the surgery it was 
decided to reverse the effects of the muscle relaxant without 
prior treatment with atropine. Neostigmine (1.0 mg) was 
given intravenously. This increased the degree of block to 
4:1. Reversal of neuromuscular blockade was incomplete so 
0.4 mg of atropine and a another 1.0 mg of neostigmine 
were administered. The trachea was extubated in the oper- 
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ating room and before any decision could be made regard- 
ing the treatment of the arrhythmia, sinus rhythm returned. 
In the recovery room a 12 lead electrocardiogram was 
unchanged from the preoperative tracing. The patient, when 
interviewed on the first postoperative day, reluctantly ad- 
mitted to the occurrence of palpitations but had thought 
that if he had voluntered this information the operation 
would be postponed. Physical examination at this time 
confirmed the 2/6 murmur heard preoperatively along the 
left sternal border. The murmur increased in intensity with 
hand squeezing and a Valsalva maneuver. When the patient 
squatted and then stood the click was clearly heard preced- 
ing the murmur. 


Discussion 


It is only recently that a midsystolic click followed 
by a late systolic murmur has been identified with 
mitral valve prolapse. Prior to 1963 the significance 
of these findings was not well understood. In 1913, 
Gallavardin! ascribed them to pleuropericardial adhe- 
sions later found at autopsy. This was accepted until 
1961 when Reid? suggested that the origin of these 
sounds lay in the mitral valve. In 1913, Barlow et al? 
demonstrated by angiography late systolic prolapse 
of the posterior leaflet of the mitral valve in patients 
with the click murmur. 

Mitral valve prolapse is among the most common 
of congenital heart abnormalities. O’Rourke et al' 
estimated it to be present in 596 to 1096 of the general 
population. The anesthesiologist may encounter the 
condition in three types of patients: (1) those with 
documented mitral valve prolapse, who are to un- 
dergo surgery for the insertion of a pacemaker to 
control associated bradyarrhythmias, or replacement 
of the mitral and one or more other heart valves; (2) 
those with undiagnosed mitral valve prolapse un- 
dergoing a surgical procedure unrelated to cardiac 
problems who develop an intraoperative arrhythmia 
and; (3) those who sustain an unexplained cardiac 
arrest which subsequently is shown to be associated 
with prolapse of the mitral valve. 

Mitral valve prolapse lfas been described in all age 
groups. When diagnosed early in life there is a pre- 
ponderance of 2 to 1 female patients. With advancing 
years the abnormality is equally divided between the 
sexes. The reason for this is unknown. Thin people 
seem to be more commonly affected, but there are 
numerous other conditions that are thought to be 
associated with this valvular lesion (Table 1). 

The majority of patients are asymptomatic. Those 
with symptoms complain of dyspnea, poor effort 
tolerance, and palpitations. Interestingly, during long- 
term monitoring, the correlation between palpitations 
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and ECG evidence of arrhythmias is poor. Chest pain 
is not common, but when it occurs it does not resem- 
ble angina pectoris, nor is it relieved by nitroglycerin. 
The pain may be severe and last several hours. It is 
believed to be due to a decrease in the ratio between 
oxygen supply and demand in the mitral valve appa- 
ratus. Auscultation of patients with mitral valve pro- 
lapse typically reveals a midsystolic click immediately 
followed by a murmur with a crescendo character 
which may continue beyond the aortic component of 
the second heart sound. If the murmur is holosystolic, 
it signifies severe mitral incompetence. The sounds 
are best heard in the left decubitus position and 
occasionally may only be heard in this position. Oc- 
casionally the click may be absent and sometimes 
multiple clicks are heard. If the patient sits up, the 
click occurs earlier and the murmur lasts longer. The 
click and murmur are enhanced by the inhalation of 
amyl nitrate. This is thought to be due to a reduction 
in the heart size which allows the ventricular cavity to 
become smaller and the valve to prolapse earlier. 
Electrocardiographic abnormalities occur in up to two 
thirds of patients with mitral prolapse. In one third of 
these individuals, the T waves are flattened or in- 
verted in leads 2, 3, and AVF. These may be mistaken 
for ischemic changes. Slightly less frequent are ven- 
tricular premature beats which may be multifocal in 
nature and demand immediate therapeutic interven- 
tion. Supraventricular tachycardia also occurs and 
episodes of ventricular tachycardia have been re- 
ported. The mechanism of the electrocardiographic 
abnormalities is unknown although some patients 
demonstrate a Wolff-Parkinson-White type preexci- 
tation. 

The complications of mitral valve prolapse are 
listed in Table 2. Arrhythmias, the most common 
complication, are potentially the most serious. Winkle 


TABLE 1 
Conditions Associated with Mitral Valve Prolapse 


Absence of the normal dorsal thoracic kyphosis and other 
bony abnormalities such as kyphoscoliosis and pectus exca- 
vatum 

Marfan's syndrome 

Myxomatous degeneration of cardiac valves 

Following blunt trauma to the thoracic cage 

Rheumatic valvulitis 

Atrial septal defect 

idiopathic hypertrophic subaortic stenosis 

Congestive cardiomyopathy 

Periartertis nodosa 

Coronary artery disease 

Tricuspid valve prolapse 


MIUUHHUTINPAIMHIUNUNILLALUMLUUAHITIEHUALAHHASITUPUUA DUUM OBIIT MDAUPIUE DURBAN HOHER LUNO UILLLNPIHATREBB AUN PPAR ANITA TOO 


et al^? for example, reported seven patients with 
mitral valve prolapse with life-threatening ventricular 
arrhythmias. Four of the seven had coronary angio- 
grams aad none had evidence of coronary disease. 
Sudden death has been ascribed to severe tachyar- 
rhythmis although other mechanisms have been in- 
voked, including sinus arrest. Koch and Hancock? 
reported 40 symptomatic patients with mitral valve 
prolapse with marked ECG changes. Over a 10-year 
period, 1376 suffered sudden and unexplained death. 
Leichtmen et al" reported a family of 11 members, 
seven of whom had resting heart rates below 50 beats 
per minute. Of these seven, five had mitral valve 
prolapse by echocardiography and three suffered re- 
current eyncopal attacks. The authors concluded that 
sudden ceath in association with mitral valve prolapse 
may be cue to sinus arrest without ventricular escape. 

Buda at al" proposed that coronary spasm is a 
possible mechanism of sudden death in patients with 
mitral va.ve prolapse based on a review of 745 patients 
who hac coronary angiograms with a history of is- 
chemic beart disease. Ten patients had clear evidence 
of cororary artery spasm during angiography and 
nine of these had mitral valve prolapse. 

The existence of a relationship between mitral valve 
prolapse and coronary heart disease is controversial. 
Significant coronary disease has been found in 5% of 
patients with mitral valve prolapse studied by coro- 
nary angiography for evaluation of chest pain. This 
finding is not greater than could be accounted for by 
chance. Imazaizumi et al" postulated that emboli 
from the diseased mitral valve to the coronary arteries 
could occur causing ischemia of the mitral valve ap- 
paratus. 

Before exploring the anesthesia implications of mi- 
tral valve prolapse, it should be emphasized that it is 
unknowa whether the valve prolapses at all times or 
only when there are changes in ventricular volume or 
configuration. In addition, whether the arrhythmias 
are caused by the prolapse, or whether the prolapse 
is seconcary to an arrhythmia which initiates a ven- 
tricular contraction before the chamber is adequately 
filled, is not clearly established. 

When confronted by a patient with documented 


TABLE 2 


Complications of Mitral Valve Prolapse 
MAMMHNUHHIRIENUARAALUMUNIHUÜINTITETIAUMUAMBUUHHPHPHEUUHIAPULLALAMUPUNIPIEUNURALAPUHHURAUEFUNULAEAN AAAA AAR 
A:rhythmias (some life-threatening in nature) 


Sadden death 

Eadocarditis 

Rupture of mitral chordae tendinae 
Mitral valvular incompetence 
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mitral valve prolapse, the anesthesiologist should be 
aware of the possibilities of intraoperative arrhyth- 
mias and acute mitral regurgitation. It has been re- 
peatedly demonstrated that the prolapse of the valve 
is worsened by emptying the heart as with assumption 
of the upright posture, performance of a Valsalva 
maneuver, or inhalation of amyl nitrate. Sympathetic 
overactivity, by increasing cardiac emptying may sim- 
ilarly cause prolapse of the mitral valve, Preoperative 
medication should be generous enough to prevent 
anxiety with subsequent catecholamine release. Atro- 
pine is best withheld as its positive chronotropic and 
inotropic effects increase cardiac emptying. Every 
effort should be made to eliminate factors known to 
increase myocardial irritability, e.g., hypercarbia, hy- 
poxemia, electrolyte disturbances (hypokalemia), and 
anesthetics that are associated with catecholamine 
release or that are prone to cause arrhythmias. Cyclo- 
propane and ketamine are thus to be considered 
unsuitable choices. Vasodilator drugs, for example 
nitroprusside, nitroglycerin, phentolamine, and large 
doses of narcotics (which cause reduction of preload), 
should be used with caution. Considering that the 
murmur is best heard in the precordial area, the use 
of precordial stethoscope is strongly recommended. 
When an intraoperative arrhythmia appears in a pa- 
tient who has documented mitral valve prolapse, the 
usual measures should be undertaken to establish the 
diagnosis and to rule out other causes before mitral 
valve malfunction is assumed to be the causative 
factor. If the arrhythmia is life-threatening, it should, 
however, be treated empirically without delay. If the 
arrhythmia is more benign (generally speaking atrial 
arrhythmias fall into this category), specific antiar- 
rhythmic drugs can be employed. Unfortunately, the 
expected responses may not occur in patients with 
mitral valve prolapse. For example, a bradyarrhythmia 
may be resistant to atropine and require isoproterenol 
or artificial pacing. Premature ventricular contractions 
are often refractory to lidocaine, but frequently dis- 
appear spontaneously. If the arterial pressure is sat- 
isfactory, intravenous propranolol is the most effec- 
tive drug for control of arrhythmias associated with 
mitral valve prolapse. The mechanism of action may 
simply be due to its nonspecific antiarrhythmic prop- 
erties. Alternatively, it may increase left ventricular 
end diastolic volume, thus reducing the degree of 
valve prolapse. 

Propranolol should be given intravenously in 0.5- 
mg doses while carefully monitoring the pulse rate 
and arterial pressure. In patients who do not have 
known mitral valve prolapse, there are certain clues 
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that suggest the diagnosis. If during the preoperative 
physical examination the patient complains of a 
“whoop” murmur or palpitations, particularly in the 
case of a young woman with somewhat asthenic body 
habitus or a “straight” back, the condition should be 
suspected. Auscultation of the heart should be care- 
fully performed in the left lateral decubitus position. 
If a murmur or click is heard, an echocardiogram is 
indicated. When faced with an arrhythmia appearing 
during surgery for no apparent reason, the usual 
measures should be adopted before presuming that 
mitral valve dysfunction is the culprit. 

The principle of minimizing excessive cardiac emp- 
tying will have an important bearing on the selection 
of anesthetic technique. If general anesthesia is em- 
ployed, it should be of sufficient depth to reduce the 
sympathetic response to surgical stimulation, remem- 
bering that undue peripheral vasodilatation is also 
undesirable. If narcotic supplementation of a nitrous 
oxide-oxygen relaxant technique is used, the same 
rule applies; namely, use of analgesics in amounts 
adequate to suppress reflex cardiovascular responses. 
If spinal or epidural anesthesia is considered appro- 
priate, attention should be directed toward avoiding 
widespread vasodilation. Whenever possible, regional 
nerve block supplemented by adequate sedation is 
the anesthetic technique of choice, but epinephrine 
should not be added to the analgesic solution. Finally, 
the anesthesiologist must be aware of the hazards of 
operations performed in the sitting position in pa- 
tients with mitral valve prolapse. There remains the 
intriguing question: could mitral valve prolapse have 
been responsible for many hitherto unexplained in- 
traoperative arrhythmias? Certainly the frequency 
with which this abnormality is found suggests that 
this could well be the case. 
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Cough-Facilitated Conversion of Ventricular Tachycardia 









| Coughing has been shown to be helpful in altering the bradycardia and hypotension that: 
occur after intracoronary injections of contrast medium, and it can enable a patient to maintai 
consciousness during episodes of ventricular fibrillation and zsystole. This report describes a patient 
with ischemic heart disease in whom 33 episodes of drug-refractory ventricular. tachycardia wer 3 
converted to normal sinus rhythm after abrupt forceful coughs were performed on command. W nen 
the patient was unable to cough as directed, external electric countershock was necessary to terminate pm 
the arrhythmia. These findings suggest that in isolated casses the cough may be effective in the | 2 a = 
conversion of potentially fatal ventricular tachyarrhythmias. (Wei JY, Greene HL, Weisfeldt ML: 
Cough-facilitated conversion of ventricular tachycardia. Am J Cardiol 45:174-176, 1980) 











Regionalization of Opera-ions 


This study examines mortality rates for 12 surgical procedures of varying complexity in 1498 — — 
hospitals to determine whether there is a relation between a hespital’s surgical volume and its surgical 
mortality. The mortality of open-heart surgery, vascular surgery, transurethral resection of the 
prostate, and coronary bypass decreased with increasing number of operations. Hospitals in which 
200 or more of these operations were done annually had death rates, adjusted for case mix, 2595 to 
41% lower than hospitals with lower volumes. For other procedures, the mortality curve flattened at — 
lower volumes. For example, hospitals doing 50 to 100 total hip replacements attained a mortality rate - 
for this procedure almost as low as that of hospitals doing 230 or more. Some procedures, such as 
‘cholecystectomy, showed no relation between volume and mortality. The results may reflect the effect l 
of volume or experience on mortality, or referrals to institutions with better outcomes, as well as a 
number of other factors such as patient selection. Regardless of the explanation, these data support 
the value of regionalization for certain operations. (Luft FS, Bunker JP, Enthoven AC: Should 
operations be regionalized? The empirical relation between surgical volume and mortality. N Engl J 
Med 301:1364- 1369, 1979) 
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Herpangina in an 
Anesthesiologist 


Richard M. Rosenblatt, MD,* and 
George H. Domb, MDT 


A recent illness in a member of our anesthesia 
department prompted us to report this case which 
calls attention to the potential danger arising from a 
physician working while ill. 


Case Report 


A previously healthy male anesthesiologist developed 
over a 24-hour period a 1-cm erythematous ulcer on the 
right anterior tonsillar pillar accompanied by a sore throat. 
Since systemic signs of infection were absent, the anesthe- 
siologist continued to perform his normal duties in the 
operating room and in the obstetrical suite. The next day 
an ear, nose, and throat consultation was obtained because 
of malaise and increased discomfort with swallowing. Phys- 
ical examination revealed only the intraoral lesion, cervical 
adenopathy, and no cutaneous lesions. The stomatitis, pre- 
sumed by the anesthesiologist to be merely a herpetic 
lesion, was instead characteristic for herpangina. This infec- 
tion is a contagious viral illness occurring primarily in 
children. Examination of the physician’s 2-year-old child 
revealed a similar healing lesion in his oropharynx. Al- 
though herpangina is usually benign, in immunosuppressed 
or debilitated patients systemic disease can result and prove 
fatal, Accordingly, the physician ceased all clinical activities 
until the lesion resolved. Fortunately, no further cases en- 
sued, and the physician returned to work the following 
week. 


Discussion 


Herpangina is a contagious viral infection caused 
by Coxsackie virus groups A and B, and by some 
echoviruses.! While normally seen during summer 
epidemics in children, previously uninfected adults 
are susceptible. Infection is associated with a 4-day 
prodrome of malaise, odynophagia, cervical ade- 
nopathy, and transient fever followed by development 
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of one or more vesicles on the soft palate or tonsillar 
area. The distinctive appearance of the initial vesicle 
is subsequently lost with repeated intra-oral abrasion. 
The mature lesion is an erythematous ulcer covered 
by a yellow fibrinous exudate and is indistinguishable 
from an aphthous ulcer (“canker sore"). In this case, 
the associated systemic symptoms and characteristic 
location of the lesion made the diagnosis of an 
aphthous ulcer unlikely. Other viral infections can 
also produce oral ulcerations, in particular, varicella 
("chicken pox") and hand-foot-and-mouth disease. 
Varicella is easily diagnosed by the multitude of 
vesicles on the face and thorax. With hand-foot-and- 
mouth disease, 20 to 30 vesicles appear on the palms 
or soles concomitant with the oral lesions. Herpangina 
derives its name because occasionally chest pain is 
the predominant symptom. 

No specific antiviral agent for herpangina is avail- 
able, and isolation of carriers is crucial to prevent 
further spread. The contagious period of herpangina 
is short, lasting about 1 week and ending with reso- 
lution of the oral lesions. Although herpangina and 
most other Coxsackie infections generally evoke a 
mild benign illness, occasionally the disease can be 
more severe and even fatal: myocarditis, meningitis, 
hepatitis, and nephritis have been reported.” Trans- 
placental spread of Coxsackie virus has been 
shown,” * and the fetus appears particularly suscep- 
tible since Coxsackie virus has been implicated as a 
cause of spontaneous abortion and congenital heart 
disease.” ^ 

Herpangina is transmitted to susceptile individuals 
by contact with infected oral or respiratory secretions. 
The viral infection in this case was probably com- 
municated from child to parent by direct personal 
contact. In most instances airborne transmission is the 
predominant mode of dissemination, particularly 
among adults. Airborne dissemination occurs because 
pathogens are entrapped in secretions that are ex- 
pelled during expiration. sneezing, and coughing, 
forming an aerosol of small particles. A single sneeze 
produces nearly two million particles, 80% of which 
are less than 2.0 y in diameter. ®® Such particles can 
remain airborne for prolonged periods. Knight? has 
calculated that a particle 10 u in diameter requires 
almost 17 minutes to settle to the floor in a nontur- 
bulent environment. Deposition of aerosolized virus 
within a recipient’s respiratory tract is a function of 
the size of the particle. Particles ranging in size from 
0.6 to 2.0 u in diameter (before hygroscopic expan- 
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ce s, ne the host’s nauni Several studies have 
documented the transmission of Coxsackie viral in- 
fection by the airborne route. Gerone and Couch? 
detected viable airborne Coxsackie virus after infected 
patients sneezed and coughed. The same investigators 
Sari 






pled the air of rooms occupied by volunteers 
infected with Coxsackie A type 21 and recovered 
clinically significant quantities of live virus 2 to 4 
hoars after the rooms had been vacated. Finally, 
Couch et al? placed two groups of volunteers into a 
room divided by a filter designed to prevent direct 
passage of large droplets but not smaller airborne 
pa-ticles. One group was inoculated with Coxsackie 
virus; 5096 of the second group, despite being on the 
opo site side of the partition, subsequently contracted 
the viral infection. 

As airborne particles are the primary mode for 
spread, wearing an operating room mask should re- 
duze viral transmission; however, current masks are 
ineffective at filtering smaller-sized particles. ^" 
TFus a physician who harbors a Coxsackie infection 
and who continues to perform his operating room 
duties, albeit with a mask, is potentially a vector for 














viral dissemination. 


The ‘purpose in presenting this case is to illustrate 
the infectious disease hazards that exist for anesthe- 
siclogists and their patients. Despite recent concern 
regarding the occupational risks of anesthesiology, 
there have been no investigations into the prevalence 
of infectious diseases among anesthesiologists and the 
ineidence of doctor-patient transmission. Substantive 
questions should be answered: (1) Are anesthesiolo- 
gists a vector for transmitting infectious diseases to 
patients during the performance of their clinical du- 
ties? (2) How much in-hospital morbidity and mor- 


tality from infectious diseases is bobs: to. the ONE 


practice of anesthesia? (3) Are anesthesiologists pre- ne 


disposed to-contracting infectious diseases because of. | 
the nature ef their work? | 7 
Without apprópriate epidemiologic data, a. scien- 


tific approach to infection control for anesthesiolo- | | : 
gists cannct be formulated. We do not think that 








physicians with E infectious, disease 


policy is di given the N of h 
gina and other viral diseases. 
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Acute Myocardial 
Ischemia Caused by 
Mediastinal Chest Tube 
Suction- 


James W. Chapin, MD,* James Kahre, 
MD,f and Myrna Newland, MD* 





Acute myocardial ischemia following successful 
weaning from cardiopulmonary bypass occurred in 
two patients who underwent correction of atrial septal 
defects. In both cases the ischemia episode was de- 
| tected by ECG changes. The most likely cause in both 
. was suction applied to mediastinal chest tubes inter- 
fering with myocardial perfusion. This complication 
of chest tubes has not been previously reported. 









Case Reports 


A 65-year-old male child with left to right shunt through 
a secundum atrial septal defect (ASD) underwent surgical 
correction. There was no impairment of activity due to the 
cardiac defect and the remainder of the history and physical 
examination was negative. A halothane-N;O/0O» anesthetic 

was used. The ASD was closed during normothermic car- 

. diopulmonary bypass without incident. Weaning from by- 
pass was unremarkable and serum electrolyte levels and 
arterial blood gas tensions were within normal limits except 

^"^ fora low ionized calcium level. Incremental doses of calcium 

 '.. chloride (400 mg total) were administered over a 90-minute 
period. 

An hour after discontinuation of cardiopulmonary by- 
pass two Argyle #28 French thoracic catheters were placed, 
one inside the pericardium and the other outside the peri- 
cardium. The pericardium was closed with interrupted 4-0 
black silk and the pericardial tube was attached to wall 
suction (450 mm Hg) while the Pleur-evac was being assem- 

. bled. The sternum was still open. Within minutes after 
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suction was applied an acute 7.5-mm elevation of the ST 
segment of lead Il ECG. pattern. was noted by the anesthe- 
siologist. Arterial and atrial pressures remained stable and 
the heart rate dropped from. 130 to 100 beats per minute. 
Nitrous oxide was discontinued, 10096 Os was administered, 
and the halothane concentration was decreased from 196 to 
0.5%. Recent blood gas tensions and serum electrolyte levels 
were normal. The only possible related event was applica- 
tion of suction to the mediastinal chest tube. The suction 
was discontinued and within a minute the injury pattern on 
the ECG reverted to a normal pattern. There were no 
sequelae from this incident. 


Case 2 


A 2-year-old, 11-kg female infant underwent surgica! 
correction of an ASD about 3 months after case 1. This 
patient was also asymptomatic and had no other health 
problems. 

The child was premedicated with meperidine (25 mg) 
and atropine (0.1 mg) intramuscularly. A halothane-N2O/ 
O; anesthetic technique was used. The surgical repair and 
weaning from cardiopulmonary bypass went without inci- 
dent. One Argyle #20 French thoracic catheter was placed 
in the right chest and a second was placed inside the 
pericardium. The pericardium was then closed and the 
pericardial tube connected to a Pleur-evac with 20 cm H2O 
negative pressure. Within a few minutes lead II of the ECG 
changed from a normal sinus rhythm to tachycardia-bra- 
dycardia with an acute injury pattern. Because of the similar 
incident in case 1 3 months earlier, the suction was discon- 
tinued and the ECG pattern reverted to normal within a 
minute. No sequelae have been observed in this child. 


Discussion 


The temporal relationship strongly suggests that 
the suction applied to a mediastinal tube interfered 
with adequate myocardial oxygenation in these two 
cases. Possible mechanisms include coronary artery 
obstruction or compression of the myocardial wall by 
suction. This is apparently the first report of this type 
of mechanical interference of coronary flow. 

Other mechanical causes of inadequate coronary 
flow at the conclusion of open-heart surgery include 
occlusion by suture,’ edema, clot, or air. These prob- 
ably would have caused problems earlier in the period 
following the bypass rather than later, as in the cases 
just reported. In addition, myocardial ischemia can 
occur secondary to inadequate preservation of the 
myocardium during cardiopulmonary bypass as re- 
cently discussed by Kirklin et al.” This, too, would 














] plied to mediastinal chest tubes can produce sudden 
and severe myocardial ischemia. 1979 
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Stopping Smoking Increases Oxygen Availability 







The effects of stopping smoking for 48 hours on factors governing the availability of oxgyen f 
the blood (carboxyhemoglobin (COHb), hemoglobin-oxygen 1HbO»;) affinity, and hemoglobin. ' 
centration) were measured in the last trimester of pregnancy. Three groups were studied: smo 
smokers who stopped smoking for 48 hours, and nonsmokers. The 22 smokers had higher in 
COHb values and greater HbO; affinity than the 10 norsmokers, but their total hemogl. | 
concentrations were also higher, so that their oxygen availabiliy was not significantly reduced. In the - 
11 smokers who stopped, the reduction of COHb and decrease in HbO; affinity led to a significant _ i d 
8% increase in available oxygen in 48 hours. Since even small improvements in oxygen delivery tothe — — 
tissues may confer critical benefit to the fetus, particularly during labor when there is exposure to — 
general anesthesia, the authors suggest that smoking shoule be discouraged for 48 hours before —— 
elective deliveries. (Davies JM, Latto IP, Jones JG, et al: Effects of stopping smoking for 48 hours on. i 
oxygen availability from the blood: A study on pregnant women. Br Med J 2:355-356, 1979) B 


Indications for Admission to a Coranary Care Unit 


One hundred cases with an admission diagnosis of acute coronary insufficiency or unstable angina 
were reviewed to establish criteria for admission to a coronary care unit. Myocardial infarction was 
subsequently diagnosed in 20 of the patients. Ventricular tachycardia occurred in 16 patients and - 
ventricular fibrillation in one patient. Clinical features found to predict an increased risk of myocardial |. 
infarction included chest pain for more than 30 minutes within 24 hours prior to admission, new — 
nonspecific electrocardiographic abnormalities consistent with ischemia, and diaphoresis. All patients ; 
with ventricular tachyarrhythmias had presented with both prolonged chest pain prior to admission i 
and new electrocardiographic changes. The sensitivity, specificity, and predictive value of various - 
clinical criteria for identifying patients likely to have a myocardial infarction were calculated, and _ 
criteria with very high (greater than 90%) sensitivity were idereified. These could be used to establish í 
which patients are at increased risk of myocardial infarctior: and therefore require admission to a © 
coronary care unit. (Nattel 5, Warnica JW, Ogilvie RI: Indications for admission to a coronary care 
unit in patients with unstable angina. Can Med Assoc ] 122:130-184, 1980) 
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Chemodectoma 
Diagnosed by 
Hypertension and 
Tachycardia during 
Anesthesia 


Myrna C. Newland, MD,* and 
Barbara J. Hurlbert, MD* 


In. children, tumors of the neck may include lym- 
phoma, neuroblastoma, endothelioma, branchial cleft 
cyst, thyroid tumor, and others more unusual such as 
chemodectoma, i.e., paraganglioma of the carotid 
body. More than ET cases of nonfunctional carotid 


= -body paragangliomas have been reported. We have 
ae found reports! "* of four cases of functionally active 


We Scu a case of functionally active carotid 
body chemodectoma to acquaint anesthesiologists 
with this rare tumor so that they may include it in 
their differential diagnosis in considering the man- 
agement of anesthesia for patients with neck masses. 


Case Report 


A 13-year-old white female adolescent was referred to 
this hospital for evaluation of a heart murmur, multiple 
joint pains and swelling, occasional low grade fevers, and 
weight loss of 4.5 kg. 

On admission she weighed 27.4 kg; temperature was 
36.9 C, respirations 24 per minute, and blood pressure 98/ 


|. 50 torr. Her heart rate was 136 beats per minute initially 


but subsequently was 86 to 100 beats per minute throughout 
the preoperative period. Small bilateral nodes were palpable 
in the neck and a 2.5x8-cm firm mass was present just 
below the angle of the jaw on the left side. A grade IV/VI 
systolic ejection murmur was noted over the precordium 
which was not transmitted to the back or neck. Her right 
wrist was warm, tender, with moderate swelling and pain 
on movement. 

Laboratory data included a sedimentation rate of 44 mm/ 
hr, an ASO titer less than 100, and a white blood count of 


.16,900/mm? with a left shift. ECG showed prolongation of 
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the PR interval. Chest roentgenogram was consistent with 
dilation of the ascending aorta. An echocardiogram was 
suggestive of a subaortic ridge with vegetative lesions. The 
impression was bacterial endocarditis for which she was 
treated with intravenous oxacillin and gentamicin. Blood 
cultures failed to confirm the diagnosis of bacterial endo- 
carditis. 

In an effort to make a definitive diagnosis, the patient 
was scheduled for biopsy of the mass in her left neck. At 
the preanesthetic visit she was anxious and diaphoretic but 
afebrile. Vital signs and a physical examination revealed no 
changes. In the preoperative room heart rate was 136 beats 
per minute and systolic blood pressure 160 torr. These 
values remained unchanged after 60 mg of meperidine was 
given slowly intravenously. 

Anesthesia was induced with thiopental, 150 mg IV, and 
60% N2O/40% Os by face mask was begun. A sinus tachy- 
cardia of 190 beats per minute suddenly developed. Blood 
pressure, difficult to obtain by auscultation or palpation, 
was 160 torr systolic by Doppler ultrasound flow probe. An 
additional 250 mg of thiopental was given with no change 
in the heart rate or blood pressure. Rectal temperature 
remained 37 C. Venous and arterial blood gas tensions were 
within normal limits. 

Ventilation was maintained by mask with 10096 oxygen. 
Propranolol, 1 mg, was given slowly intravenously. This 
decreased the heart rate to 130 beats per minute and blood 
pressure to 100/70 torr. The operation was postponed. Due 
to her response under anesthesia, a catecholamine-secreting 
tumor was suspected. A subsequent measurement of urine 
showed a vanillylmandelic acid (VMA) level of 34.9 mg/24 
hr (10 times normal). Venous plasma catecholamine level 
was 3,714 ng/100 ml (more than 100 times normal). After 
the diagnosis of a catecholamine-secreting tumor was made, 
a continuous infusion of phentolamine was started and 
maintained thereafter at 2.5 mg/hr up to and including 
induction of anesthesia for resection of the tumor 48 hours 
later. 

On arrival in the preoperative room she was apprehen- 
sive, markedly diaphoretic, and peripherally vasocon- 
stricted. Blood pressure was 160/120 torr and heart rate 130 
beats per minute. She was premedicated with meperidine 
(30 mg) and droperidol (5 mg) intravenously. After ECG, 
chest stethoscope, blood pressure cuff, and a Doppler flow 
probe were placed, anesthesia was induced with incremental 
doses of intravenous thiopental (up to 500 mg) in 30 minutes 
while 2% enflurane was administered. Two intravenous 
infusions were begun and an arterial line was established. 
Following 30 minutes of 2% enflurane the trachea was 
intubated with the aid of succinylcholine (30 mg IV) without 
change in vital signs. The operation proceeded for 1 hour 
and 15 minutes with blood pressure between 120 to 140 torr 
systolic and heart rate at 120 beats per minute until exten- 
sive manipulation of the tumor was required to remove it. 
At this time blood pressure increased to 180/100 torr and 
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heart rate to 140 beats per minute. The phentolamine was 
increased to 8 mg/hr to control the patient’s blood pressure 
at 140/100 torr during excision of the tumor. As was 
expected, when the veins draining the tumor were ligated, 
blood pressure decreased from 150/100 torr to 70/50 torr 
in less than 5 minutes in spite of the phentolamine being 
discontinued prior to ligation of the veins. Transfusion of 
500 ml of whole blood was begun in anticipation of the 
expected vasodilation with lack of catecholamine stimula- 
tion. She required 1000 ml of whole blood for an estimated 
550-ml blood loss to maintain her pressure at 120/70 torr. 
Following excision of the tumor vital signs remained stable 
throughout the remainder of surgery and into the recovery 
period without the use of vasoactive drugs. 

Recovery was uneventful. Pathologic diagnosis was ca- 
rotid body paraganglioma (chemodectoma). Postoperatively 
she underwent a combined course of chemotherapy and 
radiotherapy because at operation the mass was found to 
extend into the calvarium along the internal jugular vein 
and could not be totally excised. She is asymptomatic and 
has normal blood catecholamine levels at this time. 


Discussion 


Paraganglia consisting of cell groups associated 
with the autonomic nervous system are distributed 
throughout the body. Carotid paraganglia (carotid 
bodies) function as chemoreceptors for regulation of 
respiration, All paraganglia, including the chemore- 
ceptors, store catecholamines in granules. Functional 
catecholamine-secreting neoplasms may originate in 
any paraganglia. The morphology, location and func- 
tion of these tumors have been reviewed by Glenner 
and Grimley. The vast majority of carotid body 
paraganglia tumors are benign and nonfunctional: all 
of the 90 reported cases studied by Shamblin et al? at 
the Mayo Clinic were functionally inactive. 

Most reported cases of carotid body paraganglia 
anaes have been seen as painless neck masses and 
have been biopsied or excised uneventfully, We are 
aware of only four reported cases of functional cate- 
cholamine- -secreting carotid body tumors, the first of 
which was reported in 1962 by Glenner et al.’ Of 
these four cases, three wert seen preoperatively with 
symptoms suggestive of episodic catecholamine re- 
lease. ^^ The fourth patient, although asymptomatic 
preoperatively, had increased urinary levels of nor- 
epinephrine indicating increased catecholamine pro- 
duction.” Two of the four patients died, one intra- 
operatively! and the other postoperatively with cere- 
bral infarction.’ Prior to induction of anesthesia for 
her first procedure, our patient did not have symp- 
toms of a catecholamine-secreting tumor such as hy- 
pertension and tachycardia, although she had a non- 

















specific weight loss and anxiety and one isolated 
instance of tachycardia on admission which was at- 
tributed :o anxiety and possible sepsis. Following this - 
single erisode of tachycardia her heart rate was 85to 
100 beats per minute. A catecholamine-secreting: tu- 
mor hac not been considered. with her i 
complex of fever, neck mass, heart murmi 
single jænt pain prior to her first anesthetic for e exci- 
sional biopsy of the neck mass. p 
A diagnosis of a catecholamine-secreting un 
considered following her initial anesthet: 
questioning of her mother at that time reve 
quent night sweats requiring one or two : 
bed clothes per night ee perdit 





reste! physical Exámindtion 1 year prior | redi a 
admissicn. c uie | 
We present this example of a patient. with an 
apparently benign history in whom the signs of ex- 
cessive catecholamine release were apparent only a 
after gereral anesthesia was induced. "A 
The cemical activity of the functional: ‘parigan- 
gliomas is essentially no different from that. of a EE 
pheochramocytoma.’ Anesthetic management. ofa. 
secreting chemodectoma is physiologically and phar- - 
macologcally the same as management of a -pheo- z 
chromocytoma. Intraoperative problems include du 
contracted blood volume, hypertension, tachycardia, "d 
dysrhytrmias and rapid swings in blood pressure. — — 
Preoperetive administration of alpha-blockers such as" 
phentolamine or dibenzyline? is recommended, 
though È is often unnecessary or even impossible to 
restore blood pressures to normal levels preopera- 
tively with these agents. The chief value of these 
drugs is zo restore blood volume, thus avoiding intra- 
operative fluctuations in blood pressures." Preopera- : 
tive and intraoperative use of propranolol for beta 
adrenergic blockade has also been advocated to pre- 
vent tackycardia and dysrhythmias during anesthesia 
and surgery." Our patient was prepared preopera- 
tively wth a phentolamine infusion plus fluid and 
albumin administration to restore blood volume. The 
phentolamine infusion was regulated intraoperatively 
to maintain systolic blood pressure between 120 to 
140 torr with the manipulation of the tumor. Propran- 
olol was.available, if needed, for extreme tachycardia 
or dysrrythmias. Her heart rate remained. between 
120 to 140 beats per minute a ce this procedure 
without propranolol, 
Induction of anesthesia and end nace intuba- 
tion are potentially hazardous events in the lightly 
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anesthetized patient with catecholamine-secreting tu- 
mor, Adequate depth of anesthesia should be 
achieved prior to intubation. Our patient was ade- 
quately anesthetized during the second anesthetic 
following 30 minutes of 2% enflurane prior to tracheal 
intubation as demonstrated by the absence of changes 
in vital signs following intubation. 

Although many anesthetic agents and techniques 
have been used, enflurane has been advocated most 
recently in catecholamine-secreting tumors because 
of lack of myocardial sensitization.” Because of 
these reports we chose to use enflurane. Despite 


| stopping the phentolamine infusion and despite vol- 


ume expansion with whole blood, this patient's blood 
pressure decreased upon ligation of the venous drain- 


age of the tumor. Hypotension is most common at 


this time." With volume expansion the hypotension 


Rn resolved and vasoactive drugs were not required. 


The pain and swelling of her right wrist, which was 
unrelated to her chemodectoma, subsided during hos- 


BEL  pitalization. On follow-up examination she has had 
. no recurrence of joint pain or swelling. Since arthritis 
Du is not associated with chemodectoma, this symptom 
~ complex remains unexplained. 


In summary, although very rare, the possibility of 
a catecholamine-secreting paraganglioma (chemodec- 
toma) should be considered in patients with neck 
masses. In our patient the heart murmur, weight loss, 
and anxiety were not correlated to a secreting tumor 


_in the neck preoperatively and were only explained 
once tachycardia and paroxysmal hypertension oc- 


curred during anesthesia. Once the diagnosis of che- 
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modectoma is apparent, anesthetic management is 
similar to that for a pheochromocytoma. 
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1 erbutaline, a selective B2 adrenergic agonist,’ 


z primarily used for the treatment of bronchial icd 


Although the Food and Drug Administration has not 
approved its use for relaxation of the uterus, terbu- 
taline is, with the consent of the patient, increasingly 
administered to prevent premature labor following 
cen ical cerclage, to arrest premature labor in the 24th 
to 32nd weeks of pregnancy,” to improve aene 
cental blood flow in the presence of fetal distress," to 
relax hypertonic uterus, and to stop labor in patients 
with genital herpes. Side effects when so used include 
palpitations, tremor, slight increase in systolic blood 
pressure, slight decrease in diastolic pressure,* hyper- 
glvcemia, and occasional pulmonary edema. No ad- 
verse fetal effects have been reported? We have 
administered regional or general anesthesia to 25 
patients who were receiving terbutaline. Three of 
these patients developed significant complications 








during anesthesia. Prior to the administration of ter- 


butaline these patients had normal blood chemistries, 
chest x-rays, and ECGs. 


| Case Reports 
Case 1 


A 24-year-old gravida 3 para O woman weighing 70 kg 
was admitted to the hospital at 24 weeks of gestation for 
surgical correction of cervical incompetence. She had à 
previously diagnosed but asymptomatic atrial septal defect. 
Physical examination was normal except for the presence 
ofa systolic murmur. Blood pressure was 100/70 torr, heart 
rate 90 beats per minute, and respiratory rate 18/min. The 
consulting cardiologist agreed to the proposed administra- 
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tion of terbutaline. Anesthesia was induced with thiopental 
(275 mg) ar tracheal intubation was facilitated with the 

administratisn of succinylcholine (80 mg IV). Following 

tracheal intubation, normal breath sounds were heard bi- 

laterally. Amesthesia was maintained with fentanyl and 

nitrous oxid*-oxygen. Immediately prior to the commence- 

ment of susgery and 15 minutes following induction of — 
anesthesia, C.25 mg of terbutaline was given intravenously. a 
Immediately following injection of terbutaline the patient’ CES 
heart rate increased to 140 beats per minute but. then ame 
decreased tc 110 to 120 beats per minute within 5 minu oan 
and remained at that rate until the conclusion of surg 
Systolic blocd pressure ranged from 100 to 110 torr. € ‘di 
dysrhythmias were not observed on the monitor. Duri 
the operaticn she received 300 ml of lactated : 
solution. In the recovery room the patient compl 
difficulty ir» breathing. Examination of the chest reveal 
bilateral bas:lar rales. Neuromuscular function was nor 

The head of the bed was elevated and oxygen was admi 
istered by raask. A portable chest x-ray revealed bilateral 
pulmonary #dema. She improved in 1 hour following ad- — a 
ministration of furosemide (20 mg IV). Chest x-ray taken: A E 
hours following administration of furosemide was normal. 












Case 2 


A 23-year-old gravida 4 para 3 woman weighing 75 ke : 
was admitted to the hospital for labor and delivery. Because 
of 24-hour aistory of ruptured membranes and increased - "e 
possibility cf development of chorioamnionitis labor was © > 
augmented with oxytocin infusion of 5 to 20 ug/min IV. 
After 5 hours of stimulation three episodes of variable 
deceleratiors were noted. The fetal scalp blood pH was 
7.13. The patient was taken to surgery for emergency ce- 
sarean sectisn, Preoperatively her heart rate was 110 beats 
per minute and blood pressure 110/70 torr. Since she was 
having active uterine contractions 0.25 mg of terbutaline 
was given irtravenously to relax the uterus and to improve 
uteroplacen.al circulation. Following injection of terbutaline 
her heart rete increased to 130 beats per minute but the 
blood pressure remained 110/70 torr. Anesthesia was in- 
duced with ‘hiopental (275 mg) and endotracheal intubation 
performed after administration of succinylcholine (80 mg 
IV). During :nduction and intubation the patient's heart rate 
increased tc 180 beats per minute and the blood pressure 
dropped to 30/60 torr. Other than the sinus tachycardia no 
cardiac dyszhythmias were observed. Carotid massage was 
ineffective » decreasing the heart rate. Edrophonium (2.5 
mg) given iatravenously reduced the heart rate to 80 beats 
per minute and increased the blood pressüre to 110/70 torr. 
Anesthesia avas continued with nitrous oxide-oxygen and 
fentanyl foEowing the delivery of the infant. The maternal 
heart rate ranged from 120 to 130 beats per minute and the 
systolic bloed pressure from 110 to 130 torr throughout the 
remainder cf surgery. The infant had Apgar scores of 6 and 
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8 at 1 and 5 minutes, respectively. The maternal heart rate 
decreased to preoperative levels within 1 hour after com- 
pletion of surgery. 


Case 3 


A 26-year-old gravida 3 para 0 woman weighing 72 kg in 
the 26th week of pregnancy was admitted to the hospital 
with abdominal cramps. Pelvic examination revealed the 
cervix to be 4 cm dilated and the membranes bulging. She 
was given morphine (10 mg) and terbutaline (0.25 mg IV). 
Following the terbutaline her uterine cramping subsided. 
On the following day, 18 hours after intravenous adminis- 
tration of terbutaline, she was taken to the operating room 
for cervical cerclage. Anesthesia was induced with thiopen- 
tal (275 mg) and endotracheal intubation facilitated with 
administration of succinylcholine (80 mg IV). Anesthesia 
was maintained with 1% to 1.5% halothane and 60/40 
nitrous oxide and oxygen. Fifteen minutes after induction 
of anesthesia, and just prior to the commencement of 
surgery, 0.25 mg of terbutaline was given intravenously to 
prevent premature contraction of the uterus. Immediately 
the heart rate increased from 90 to 130 beats per minute. 
Three episodes of ventricular bigeminy followed by multi- 
focal premature ventricular contractions occurred. Hyper- 
ventilation did not restore normal rhythm. Lidocaine (75 
mg) was administered intravenously and halothane was 
discontinued. The remainder of the operation was com- 
pleted with fentanyl nitrous oxide, and oxygen without 
recurrence of ventricular dysrhythmias. 


Discussion 


Terbutaline, a selective f adrenergic agonist, is 
approved for use only in the treatment of bronchial 
asthma. The FDA has not approved its use for the 
relaxation of the uterus or for intravenous use. How- 
ever, because of its effectiveness in relaxing the uterus 
terbutaline is, with the consent of the patient, widely 
used in many teaching institutions and in some com- 
munity hospitals to stop labor. As a result, anesthe- 
siologists may be presented with patients given ter- 
butaline prior to cervical cerclage, cesarean section, or 
with premature labor. Though it is considered to be 
a selective B» agonist, terbutaline appears also to have 
moderate f; receptor activityas evidenced by a mod- 
erate positive chronotropic effect." In case 1, the 
rapid ventricular response in a previously asympto- 
matic heart patient probably caused pulmonary 
edema, Pulmonary edema has also been reported in 
a noncardiac patient with the simultaneous adminis- 
tration of terbutaline and dexamethasone.’ In our 
institution we have observed the development of pul- 
monary edema in three unanesthetized pregnant pa- 
tients at various times following the intravenous ad- 
ministration of terbutaline. The etiology of pulmo- 
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nary edema occurring in pregnant patients given ter- 
bulaine is not known. Perhaps pregnant patients who 
have increased cardiac output and increased blood 
volume do not tolerate a rapid increase in heart rate. 
In case 2 terbutaline enhanced the chronotropic re- 
sponse one normally sees on laryngscopy and intu- 
bation. This rapid increase in heart rate might have 
contributed to the reduction in blood pressure. Fol- 
lowing a bolus intravenous administration of terbu- 
taline usually the heart rate increases and the blood 
pressure decreases. These changes are maximal within 
5 minutes and gradually return to the control levels 
within 2 hours.) In case 3 we believe terbutaline 
probably contributed to the development of dysrhyth- 
mias. Dysrhythmias have been reported to occur with 
the use of beta-adrenergic agonists such as epineph- 
rine when administered to patients anesthetized with 
halothane. We are not aware of studies indicating the 
safe limits of administration of terbutaline in patients 
anesthetized with halothane. 

Based on our experience, we feel that terbutaline 
should be administered as an intravenous bolus at 
least 10 minutes prior to induction of anesthesia to 
prevent its peak cardiovascular effect from occurring 
during induction and intubation. Halothane, because 
of its myocardial depression effect and sensitization 
of myocardium to the effects of beta agonists, should 
be avoided in patients receiving terbutaline. Because 
of increased possibility of cardiac decompensation 
occurring in pregnant patients receiving terbutaline 
intraoperative fluid administration needs to be closely 
monitored. Furthermore, terbutaline should be 
avoided in patients with cardiac disease or preeclamp- 
sia as it might induce significant hemodynamic alter- 
ations. 
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i rae Renal Failure 
To the Editor: 


- Recent experience at University 
| Hospitals of Cleveland indicates that 
there may be reason for concern in 
renal transplant patients who receive 
pancuronium bromide (Pavulon) in 
combination with injectable genta- 
micin sulfate (Garamicin). 

© Renal transplantation is a fairly 
common procedure at our institution. 
In recent years many such patients 
have received pancuronium bromide 
for endotracheal intubation and intra- 
operative relaxation. None was 
known to have experienced an unu- 
sual reaction. In the past year, how- 
ever, four renal transplant patients 
have- required dialysis to regain full 
muscle strength following surgery. 

Since several surgeons perform 
ndi transplants at our institution, 
the use of antibiotics and other drugs 
varies. The four cases mentioned 
above Occurred with one surgeon who 
uses large doses of gentamicin sulfate 
and mannitol. 

© Although 0.5 mg/kg of gentamicin, 
er steroids, or both seemed not to 
affect other patients of ours, respira- 
tory failure occurred in four patients 
who. received gentamicin sulfate, 1.5 
mg/ kg IV, preoperatively and intra- 
operatively. The four patients were 
black men who had recently under- 
gone dialysis; they were in relatively 
good physical condition. They all re- 
ceived mannitol, or steroids, or both. 
. The first three patients underwent 
dialysis the next day after ruling out 
electrolyte, glucose, and other meta- 
Bolic disturbances. The first patient 
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even had a lumbar puncture and CT 
scan. All patients regained conscious- 
ness during dialysis and pulled out 
their endotracheal tubes. All thæe pa- 
tients continued to do well ane were 
discharged. 

The fourth patient underwent di- 
alysis later on the day of opera ion to 
avoid continued artificial respi-ation. 
He immediately responded » the 
same manner as above. 

Subsequent patients have been 
given curare instead of pancurcnium; 
steroids, mannitol, and 1.5 mg*kg of 
gentamicin also have been given. 
There were no problems with respi- 
ratory failure. 

Several drug interactions ma; have 
been involved in these four cases. It 
is now known that the breakdown 
products of pancuronium bromide 
can, with impaired excretion, cause a 
neuromuscular blockade. The “my- 
cins” also do this and mannitel' can 
enhance this blockade. Another pos- 
sibility is the anesthetic effect cf pan- 
curonium. Does pancuronium rave a 
central depressive effect similas to the 
previously used steroid anesthetic hy- 
droxydione sodium  hemisuecinate 
(Viadril)? It has recently been shown 
that MAC is decreased and cliaically 
anesthesia requirements are rmetably 
decreased by pancuronium.? 


Audrey G. Regan, MD 
Assistant Professor 


Prasad P. V. Perumbetti, MD 
Resident 


Department of Anesthesia 

Case Western Reserve Uni~ersity 
School of Medicine 

Cleveland, Ohio 44106 


REFERENCES 


1. Miller RD, Sohn Y], Matteo RS: Enhance- 
ment of d-tubocurarine neuror:uscular 
blockade by diuretics in man. Anesthesiol- 
ogy 45:442-445, 1976 

2. Forbes AR, Cohen NH, Eger EI IE Pancuron- 
ium reduces halothane requiremen€in man. 
Anesth Analg 58:497-499, 1979 





Failure ofa E 
Cephalothin Test 
Dose to Produc 
Anaphylaxis _ 


To the Editor: 


Two articles documenting 
lactic reactions to cephalothi 
appeared in the anesthesia Ji 
ture.^* We recently encountered ; 
case which is different from thos 
previously documented in that an in. 
travenous test dose of cephalothin. 
failed to produce anaphylaxis, bt ta 
subsequent larger bolus resulted. in : 
classic anaphylactic shock. — 00 

Our patient was schedule a for 
elective bone graft and intern 
tion of the left tibia and fibula. Su 
arachnoid block with an anesthetic ER 






level of T-8 was performed unevent- = 
fully. Because of a prior urticarial re- ES 
action to penicillin, a 140-mgtestdose — 
of cephalothin was administered in- = 


travenously. No untoward reactions 
Or alterations in vital signs were 
noted. Seven minutes later, the re- - 
mainder of the 1-g dose was given 
intravenously followed within 2 min- .. 
utes by the clinical signs and s ymp- oo 





toms of anaphylactic shock. including. os : 
unobtainable blood pressure and > 
pulse, bradycardia, diminished respi- E 


ratory excursions and wheezing, cy- | 
anosis, generalized edema, erythe | 
and urticaria. The patient was. resus- 
citated with controlled respiration by 
mask with 100% oxygen and the ad- _ 
ministration of intravenous fluids, di- - 
phenhydramine, hydrocortisone, and | 
ephedrine sulfate. Surgery was post- - 
poned. The patient recovered fully 
and underwent uneventful surgery - 









and general anesthesia 5 days later. — s 


Although anaphylactic. reaction - 


may occur up to 1 hour afterexposure — 


to antigen,’ the usual onset after a 
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relatively large bolus, especially when 
administered intravenously, is within 
a few minutes. The failure to develop 
anaphylaxis within a 7-minute period 
is unusual and may represent either 
a false-negative response or a delayed 
positive response to the antigen test 
dose. Which mechanism was respon- 
sible is unclear, but our case indicates 
that potentially fatal anaphylaxis can- 
not be predicted. Skin testing may 
not be reliable and a test dose may 
cause an anaphylactic reaction in it- 
self or a negative result as in our 
patient, which may not exclude a sub- 
sequent reaction. Prompt diagnosis 
and initiation of therapy are essential 
to prevent death. 
Suzanne S. Zeok, MD 
Assistant Clinical Professor 
Kentaro Tsueda, MD 
Associate Professor and 
Clinical Director 
Department of Anesthesiology 
University of Kentucky 
Albert B. Chandler Medical 
Center 
Lexington, Kentucky 40506 
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Anticoagulants and 
Continuous Epidural 
Anesthesia 
To the Editor: 


A recent study’ by Lunn, Danne- 
miller, and Stanley involved contin- 
uous epidural anesthesia for aortic 
reconstructive surgery. Presumably 
the patients were given heparin intra- 
operatively. Spinal epidural hemato- 
mas have been reported in patients 
who had lumbar punctures per- 
formed followed by administration of 
anticoagulants.” The same compli- 
cation might occur after placement of 
catheters in the epidural space when 
heparin is subsequently adminis- 
tered. The authors make no mention 
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of this potential complication. Was 
the technique for placement of the 
catheter modified in any way? Was 
continuous epidural anesthesia aban- 
doned or surgery delayed in the case 
of a traumatic tap, or was the dose of 
heparin modified? What was the time 
interval between placement of the ep- 
idural catheter and heparinization? 
What monitoring was undertaken to 
provide early diagnosis of a spinal 
epidural hematoma in the event one 
were to occur? 

Finally, were any complications 
other than cardiovascular instability 
encountered in the study group or in 
other patients who have undergone 
aortic replacement under epidural an- 
esthesia at the authors’ institution? 


James D. McCullough, MD 

Department of Anesthesiology 

University of Michigan Medical 
Center 

Ann Arbor, Michigan 48109 
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To the Editor: 


It was not the purpose of our pa- 
per! to advocate or condemn epidural 
or general anesthesia in patients un- 
dergoing major aortic surgery (in 
which anticoagulation is required) but 
rather to describe cardiovascular re- 
sponses to aortic clamping and un- 
clamping with different forms of fluid 
therapy. However, Dr. McCullough's 
letter raises a pertinent and important 
issue, the advisability of using contin- 
uous epidural anesthesia in patients 
who are going to receive anticoagu- 
lant therapy during surgery. There 
are, as he points out, a number of 
reports in the literature that indicate 
that epidural hematoma is a compli- 


cation of this technique when anticoa- 
gulation is used during or even after 
removal of the epidural catheter"? 
Furthermore, epidural hematoma in 
these situations is often associated 
with serious neurologic damage, es- 
pecially when the hematoma is not 
recognized early and promptly evac- 
uated.^? As a result of these poten- 
tially serious risks, it has been rec- 
ommended by some that continuous 
epidural anesthesia be avoided when- 
ever possible if anticoagulants are 
likely to be used during surgery. This 
recommendation is rational and, in- 
deed, may be.the safest, most con- 
servative form of anesthetic care in 
these patients. On the other hand, the 
incidence of epidural hematoma for- 
mation in patients with catheters in 
their epidural space who are subse- 
quently given anticoagulants is un- 
known. Since spontaneous epidural 
hematoma formation is a well recog- 
nized complication of any form of 
anticoagulation therapy,’ it is possible 
that the presence of a catheter in the 
epidural space at the time of anticoa- 
gulation has little to do with the sub- 
sequent formation of an epidural he- 
matoma. Again, unfortunately, to our 
knowledge, no data are available to 
indicate that the incidence of hema- 
toma formation is any greater in pa- 
tients with a catheter in their epidural 
space who are given anticoagulants 
during operation and then have the 
catheter removed after operation 
when their coagulation profile has re- 
turned to normal, than it is in patients 
who are given anticoagulants without 
a catheter in their epidural space. 
Since patients often receive antico- 
agulation therapy of some form dur- 
ing a variety of surgical procedures 
today (in many, continuous epidural 
anesthesia is, for a variety of reasons, 
the anesthetic of choice), to condemn 
use of an epidural catheter in these 
patients seems irrational especially 
considering the lack of incriminating 
evidence available. 

None of the above should be un- 
derstood to imply that anything but 
the greatest care must be taken in the 
placement, securement, and removal 
of epidural catheters in patients who 
are to receive or have already received 
anticoagulants. It is well known that 
epidural catheters can cause hemor- 
rhage in the epidural and/or sub- 
arachnoid space during placement 







1 moval. It is our Ec) not to 
itinuous epidural anesthesia in 
vius who i is Pn Feceiving an- 













; ao to — that all hep- 
l dieu is neutralized (via fre- 


ior to moai of the epidural 
T a Since our 


e TO Kern guine of 
epidural catheter and initial hep- 
ization is of little importance (in 
the cases we reported! this interval 
ranged between 90 and 170 minutes). 

| In order to diagnose rapidly and 
| treat any epidural hematoma that 
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might occur in spite of all our prezau- 
tions (we have, up to this time no 
evidence that any has ever occucred) 
all patients are returned to the irten- 
sive care unit after surgery wher, in 
addition to the usual cardiovascular, 
respiratory, and renal function moni- 
toring, periodic neurologic examina- 
tions are performed and the baca in- 
termittently inspected. Until clearly 
demonstrated otherwise, it appears to 
us that continuous epidural ane the- 
sía is a safe and rational technique in 
patients who might benefit frora re- 
gional anesthesia in aortic or ether 
operative procedures in spite of sub- 
sequent anticoagulation during cper- 
ation, if reversal of anticoagulart ac- 
tivity is achieved prior to epidural 
catheter removal and careful moritor- 
ing is practiced in the recovery soom 
or intensive care unit. 


Theodore H. Stanley, ML 


. Lunn JK, Danemiller t, Stanley: TH: Cardio- 
during epidural and general a sthesia. LU 
. De Angelis E Hazards of subdura 


apy: a case report and review. A 
) , 197. 2 


: Gingrich TF: Spinal epidural 


Anesthesiology 29:162-163,. 
. Varkey GP, Brindle GF: Pei 


. Markham JW, Lynge HW, 5t 
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Renal Function in Anaes- 
thesia and Surgery, by D. 
R. Bevan, New York, 
Grune & Stratton, Inc (Lon- 
don Edition for Americas 
from Academic Press), 
1979, 239 pp, $35.00. 


Dr. Bevan outlines the intent of his 
book in the preface: “Part of the pur- 
pose of this book is to review those 
advances (in knowledge of renal func- 
tion) which are relevant to anaesthe- 
tists and surgeons involved with the 
clinical care of the patient with 
threatened or existing renal dysfunc- 
tion during the operative period. In 
addition, the effects of anaesthesia 
and surgery upon renal function are 
discussed." This monograph is in- 
tended for surgeons and anesthesiol- 
ogists, and is not limited to a discus- 
sion of renal function during anesthe- 
sia and surgery. The approximately 
180 pages of text are divided into 
three sections: Basic Principles (pp 3- 
84); Renal Function During Anaes- 
thesia and Surgery (pp 87-128); and 
Renal Failure (pp 131-180). The first 
section reviews renal anatomy, circu- 
lation, and function, as well as "Drugs 
and the Kidney” and “Renal Function 
Tests.” The second section is subdi- 
vided into: “ Anaesthesia and the Kid- 
ney” (20 pp); “Methoxyflurane Neph- 
rotoxicity,” which also refers to fluo- 
ride aspects of enflurane, isoflurane, 
sevoflurane, and fluroxene metabo- 
lism (10 pp); and “Surgery and the 
Kidney” (10 pp). The final 50 pages 
discuss pathogenesis and manage- 
ment of renal failure, including as- 
pects of anesthetic management of 


patients with chronic renal failure. 


The bibliography is relatively exten- 
_ sive and current. Appropriate tables 
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and black and white illustrations are 
included in the text. 

To cover such a range of subject 
matter in a monograph of this size 
necessitates that the writer present 
capsule summaries of topics, gener- 
ally in the form of a series of state- 
ments, with little discussion. The 
reader is directed to the references to 
pursue topics of interest. Such is the 
price of brevity. An additional disad- 
vantage in this monograph is that the 
author does not always indicate 
whether the work he is summarizing 
was done in animals or in man. 

This book provides a useful cur- 
rent summary of renal function for 
surgeons and anesthesiologists. With 
the exception of portions of the first 
chapter, where somewhat complex 
sentence structure coupled with the 
brevity of the presentation slows the 
reader, the text is relatively easy to 
read. The book's title may lead some 
readers to anticipate learning more 
about renal function associated with 
anesthesia and surgery, and less about 
basic principles of renal physiology 
than the text provides. 

Overall, this monograph would be 
a useful addition to an anesthesiolo- 
gist's library. 

Joseph M. Messick, MD 
Associate Professor 

of Anesthesia 
Mayo Medical School 
Rochester, MN 


International Anesthesiol- 
ogy Clinics, Volume 17, 
edited by B. A. Britt, Bos- 
ton, Little, Brown & Co., 
182 pp, $35.00. 


Dr. Britt has gathered reviews from 
certain of the foremost investigators 





of malignant hyperthermia (MH) to 
"provide information which will as- 
sist anesthesiologists in detection of 
MHS [malignant hyperthermia syn- 
drome] individuals before surgery; 
providing safe anesthetic techniques; 
making early diagnosis during an 
acute crisis; and managing MH reac- 
tions effectively." Most of these goals 
are achieved if it is considered that 
the number of unanswered questions 
regarding MH far exceeds the an- 
swered questions. The first and final 
chapters provide concise and thor- 
ough outlines for identifying and 
treating the acute MH crisis. Thera- 
peutic guidelines are presented in a 
usable outline form. The therapeutic 
value of procainamide is overempha- 
sized while that of dantrolene sodium 
is understated, probably as a conse- 
quence of the unavailability of studies 
using intravenous dantrolene at the 
time of writing. A chapter on the 
etiology and pathophysiology re- 
sounds the increased myoplasmic 
Ca** theory as the primary etiologic 
event, and clinical evidence is cited to 
suggest that defective Ca?* regulating 
membranes may not be limited only 
to skeletal muscle. A chapter on por- 
cine MH provides an excellent review 
of MH pathogenesis in the animal 
model and the potential relationships 
to MH in man. À chapter describing 
extensive studies on skeletal and 
heart muscle, motor nerves, bone, and 
platelets as elective diagnostic tech- 
niques may leave the reader wonder- 
ing how any patient may escape a 
positive diagnosis. Dr. Britt finally 
concedes that a definitive diagnosis 
for the individual patient depends 
upon contracture testing of a skeletal 
muscle biopsy. Certain new and 
thought-provoking theories are pre- 
sented in a chapter on possible ge- 
netic and environmental factors 
which predispose to an occurrence of 
MH. Evidence is cited for a multifac- 


























torial mode of inheritance. A thor- 
ou ih ^ scheme of anesthesia for MHS 





E oct The book is recom- 
i mended: asa a summary of some recent 
. advances in MH research and details 





for clinical management. 
- . T.E. Nelson, PhD 
Assistant Professor 
. Department of Anesthesiology 
EN University of Texas Medical 
—. Branch 
Galveston, TX 








A inbeethesia for Children, 
by T.C.K. Brown and G.C. 
Fisk, Oxford, Blackwell 
Scientific Publications, 
1979, 439 pp, $77.50. 


This new textbook from Australia 
is impressive and well prepared. It is, 
for the anesthesiology resident, a 
source of theory. For the practitioner, 
it is a reference for practical applica- 
tion. From the foreword by Gordon 
Bush to the chapters devoted to Basic 
Anatomy, Physiology, Pharmacology, 
Equipment, Special Surgical Special- 
ties, Medical Disease, Special Emer- 
gencies, Outpatient Procedures, and 
Intensive Care, it is an outstanding 
work on contemporary pediatric an- 
eee 
: The photographs are well done and 
truly descriptive of many of the tech- 
niques of pediatric anesthesia. The 
emphasis on intravenous equipment 
and its use is an example of the thor- 
ough nature of this book. Techniques 
related to endotracheal tubes are well 
supplemented with photographs. 

. For specific surgical specialties, the 
chapters are presented with consid- 
erations of the preoperative prepara- 
tion, principles of anesthetic manage- 
ment, and specific conditions. Addi- 
tionally, included are the radiologic 
procedures with theoretical and tech- 
nical considerations for pneumoen- 
cephalography, myelography, cere- 
bral angiography, computerized axial 
tomography, bronchography, and 
cardiologic investigations. Included in 
all these chapters are the anesthetic 
options of anesthetic agents and tech- 
niques. 

. The chapter dealing with regional 
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and local anesthesia is well ourlined; 
the chapter on outpatient anesthesia 
is limited. Information related to 
fluid, electrolyte, and acid base ab- 
normalities is well referenced. | 

This book is devoted to. pediatric 
anesthesia. It makes no pretext of in- 
depth consideration of general phys- 
iology or pharmacology. It meets its 
title objective as a reference and 
working book of anesthesia fcr chil- 
dren. 


E. Warner Ahlgren, ME 
Chairman 

Department of Anesthesiclogy 
Scott and White Clinic 
Temple, TX 


Acupuncture Manual, A 
Western Approach, by 
L.S.W. Chu, S.D.J. Yeh, 
and D.D. Wood, New “ork, 
Marcel Dekker, Inc, 1379, 
256 pp, $15.00. 


In Acupuncture Manual, A West- 
ern Approach, the authors have at- 
tempted to blend the 5000-year old 
pragmatic Oriental healing ar with 
20th century Western medical sci- 
ence. 

The manual devotes a chapter to 
current research in acupuncture with 
experimental results in basic ane clin- 
ical sciences. Much of acupuncture’s 
magical past is brought into perspec- 
tive in this book. Pain mechinisms 
related to Western medicine are given 
emphasis by relating them to the neu- 
rophysiologic and the endogenous 
analgesic peptide system. In addition, 
physiologic studies of certair non- 
painful states that may respend to 
acupuncture are also presentec. This 
includes acupuncture's effect 5n the 
gastrointestinal tract, respirato-y sys- 
tem, as well as hematologic aad en- 
docrine systems. This information is 
valuable because it gives an overall 
idea of how and where acupuncture 
may fit into Western clinica: prac- 
tices. Thankfully, there is a welcome 
departure from the traditional zheory 
of yin and yang and the philoscphical 
explanations of its mechanisras; in- 
stead this book emphasizes how acu- 
puncture may prove effective f pre- 
scribed and practiced properly: 






The manual includes the moi im- 
portant loci for treatment of spec ic 
problems, whether they are pain 
problems or other physiologic condi- 
tions that may or may not occur with 
accompanying pain. These have been _ 
shown to respond to acupuncture. by |. 
pragmatic observation over many F 
years. T j 
These important loci of the acu 
puncture anatomical system 
trated and referred to 
atomical locations 
Eastern methods as well 
Western approaches. 

The newer cenis 





well. as the Miss Mus, e embedd ng 
technique are also presented. — 
There is a PK for acu DA 


I Believe that this. is of limited. | value. 
in Western medicine, perhaps, with. 
the exception of head and neck areas. 


The cross-indexing of loci is com- — > 
mendable because it clarifiesthe con- — 
fusion by the many acupuncture la- = 
beling systems. It would. have ben — > 





nice to have these loci cross-inde ed 
in the manual's subject index. es 

Also a correction sheet for. th mi- 
nor typographical errors and gram- 
mar should have been supplied AM | 
in all, the positives outweigh the neg- - 







atives, and I feel that this manual will cud 
prove valuable for the Western . (d 
trained health care professional: who x 
is seeking minimally invasive ap- 


proaches to certain pain and physio- | 
logic problems of patients seen in 
day-to-day practice. E 
Richard Kroening, MD, PhD "T 
Assistant Professor 
Pain Management Clinic 
Medical Director . 
TMJ & Facial Pain Clinic © 
University of California 
Los Angeles, CA ` 





Blood Gases and Acid- 
Base Physiology, by N. L. 
Jones, New York, Brian C. 
Decker, 1980, 175 pp. 


This comprehensive and informa- =~ 


tive programmed text asks. and an- 
swers a series of questions directed 
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toward a basic knowledge of pulmo- 


nary gas exchange and acid-base 


physiology. The reader is initially 
challenged with a problem in inter- 
pretation of blood gas measurements 
and then led through a very complete 
basic discussion of pulmonary gas ex- 
change. A three-component model is 
explored. Entry components, gas ex- 
change component, and exit compo- 
nents are defined, and an "ideal" 
compartment (ventilation and perfu- 
sion equals diffusion block) of venous 
admixture and a dead space compart- 
ment are described. Alveolar ventila- 
tion and CO; output are discussed; 
respiratory dead space measurements 
are described; the alveolar gas equa- 
tion is then derived and alveolar-ar- 
terial . oxygen tension differences 
"E (P(A-a)O.) - are discussed. Oxygen 
_ transport and cardiac ouput are then 


_ linked through the Fick equation. 


‘The concept of venous admixture 
is described in detail and the three- 
compartment | model is expanded to 
|. include v/Q mismatching. Finally, 

. P(A-a)O and venous admixture (Qs/ 
Qr) are compared as estimates of 
inefficiency of gas exchange. The ċar- 
riage of carbon dioxide is then de- 
scribed but in somewhat less detail. 
The carriages of oxygen and carbon 
dioxide are compared and the effects 


SC V/Q again briefly explored. In the 
/. second part of the book, acid-base 
— physiology is described in a fairly 


o conventional manner. This basic in- 
troduction leads into detailed discus- 
sion of some clinical problems. 
Appendices include sections on ar- 
terial blood sampling and blood gas 
measurement techniques, the physics 
. of gases, the international system of 
. units, and finally the Os-CO» dia- 
gram, which is explained in some de- 
tail. 
The acid-base section in this book 
| is shorter than, but is similar in some 
ways to, those in a number of other 
short books currently on the market, 
notably the later editions of Daven- 
port's, The ABC of Acid-Base Chem- 
istry, which also gives a short section 
on oxygen transport, Gosta Rooth’s 
Acid Base and Electrolyte Balance, 
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and Schwartz and Lyons’, Acid-Base 
Balance and Electrolyte Balance: Nor- 
mal Regulation and Clinical Disor- 
ders. Jones’ book differs in that it is 
designed as a teaching tool with pro- 
grammed text and introductory and 
final evaluations. This may make it 
particularly useful in introducing the 
subject to students. It would make a 
useful companion volume to West’s 
two texts, Respiratory Physiology— 
The Essentials and Respiratory Path- 
ophysiology Thus, the book is rec- 
ommended either as a useful intro- 
duction to the subject or for rapid 
review and renewal for those with 
more advanced knowledge. 


H. Michael Marsh, MB 
Assistant Professor 

of Anesthesia 
Mayo Medical School 
Rochester, MN 
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lllustrated Handbook in 
Local Anaesthesia, edited 
by E. Eriksson, Philadel- 
phia, W. B: Saunders Co., 
1980, 159 pp, $37.50. 


The stated objective of this book is 
to provide a small book on regional 
anesthesia with good drawings, illus- 
trative pictures, and a short text for 
practical clinical work. This goal has 
been admirably achieved. 

This book differs from the first 
edition only slightly; a few drawings 
and topics have been added or re- 
moved but there is not enough change 
to warrant discarding the first edition. 

The outstanding features of this 
book are the excellent illustrations, 
with brief and to-the-point copy. It 
would be an excellent addition to the 
library of anyone interested in re- 
gional anesthesia. 


A Primer of Water, Elec- 
trolyte and  Acid-Base 
Syndromes, Sixth edition, 
by E. Goldberger, Phila- 
delphia, Lea & Febiger, 
1980, 472 pp, $18.50. 


The sixth edition of this 20-year- 
old classic retains the short chapters, 
terse discussion, and clinical correla- 
tions which no doubt account for its 
longevity. Values are expressed in 
metric units with very rare use of 
Systeme Internationale terminology, 
and the use of tables and graphs is 
held at a minimum. The Siggaard- 
Andersen nomogram is retained and 
used in the calculation of bicarbonate, 
but in general the additions and dele- 
tions have appropriately updated this 
edition. 


BOOKS RECEIVED 


Anesthesia and the Patient with Heart 
Disease, edited by B. R, Brown, Jr., Phila- 
delphia, F. A. Davis Co., 1980, 193 pp, 
$20.00. 


Hemotherapy in Trauma and Surgery, by 
The Committee on Workshops of The 
American Association. of Blood Banks, 
Washington, DC, American Association 
of Blood Banks, 1979, 88 pp, $10.00. 


Platelet Physiology and Transfusion, by 
The Committee on Workshops of The 
American Association of Blood Banks, 
Washington, DC, American’ Association 
of Blood Banks, 1978, 92 pp, $15.00. 


Pediatric Anesthesia Handbook, Second 
edition, by R. M. Levin. Garden City, NY, 
Medical Examination Publishers, 1979, 
364 pp, $13.75. 


Self-Assessment of Current Knowledge 
in Anesthesiology, by D. L. Trickey, Gar- 
den City, NY, Medical Examination Pub- 
lishers, 1980, 200 pp. 
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. A Guide for Authors 





Manuscripts should:be sent to: 
Nicholas M. Greene, M.D. 
Editor in Chief 
Anesthesia and Analgesia 
Yale University School of Medicine 
333 Cedar Street 
New Haven, Connecticut 06510 


Editorial Policies 


Manuscripts are accepted for consideration with the understand- 
ing that the material they present, including tables, figures, and 
data therein, has not been previously published and is not presently 
under consideration for publication elsewhere. Authors will be 
asked to transfer copyright of articles accepted for publication to 
the International Anesthesia Research Society. 

Types of materials. The Journal publishes original articles, clin- 
ical reports, review articles, and letters to the editor. Original 
articles describe in 3000 words or less clinical or laboratory inves- 
tigations. Clinical reports describe in 1000 words or less either (a) 
new and instructive case reports, or (b) anesthetic techniques or 
equipment of demonstrable originality, usefulness, and safety. 
Review articles of 2500 to 4000 words collate, describe, and evaluate 

previously published material for the establishment of new con- 
cepts. Letters to the editor, less than 300 words in length, include 
brief constructive comments concerning previously published ar- 
ticles or brief notations of general interest. Preliminary or incom- 
plete reports are not accepted, nor are manuscripts containing 
fragments of material better incorporated into a single paper. 

Peer review. All papers are reviewed by three or more referees. 
Acceptance is based upon significance, originality, and validity of 
the material presented. Every effort will be made to advise authors 
within 4 weeks whether papers are accepted, rejected, or need 
revision prior to further consideration for possible publication. 

Legal and ethical considerations. Information or illustrations 
must not permit identification of patients. Reports describing data 
obtained from experiments performed in humans must contain a 
statement in the Methods that institutional approval of the inves- 
tigation and informed consent were obtained. Reports describing 
data obtained from experiments performed in animals must clearly 
indicate that humane standards equal to those described by the 
American Physiological Society were employed. 

Illustrations and other materials taken from other sources must 
be properly credited and assurance provided that permission for 
reproduction has been obtained from the copyright owner and 
author. 

Editing. All papers will be edited for clarity, style, factual accu- 
racy, internal logic, and grammar. Papers extensively copy edited 
will be returned to the author(s) for retyping. Editing will include 
the addition, following the Abstract, of key words for indexing 
purposes. 


Manuscripts 


Manuscripts must be prepared and submitted in the manner 
described in "Uniform Requirements for Manuscripts Submitted 
to Biomedical Journals" as described in Annals of Internal Medicine 
1979; 90: 95-9, and Lancet 1979; 1: 428-30. 
| Type manuscripts on white bond paper, 20.3 by 26.7 cm or 21.6 
^c by 279 cm (8 by 10} in cr 84 by 11 in) or ISO A4 (212 by 297 mm) 

with margins of at least 2.5 cm (1 in). Use double spacing through- 
out, including title page, abstract, text, acknowledgments, refer- 
ences, tables, and legends for illustrations. 
Begin each of the following sections on separate pages: title page, 
abstract and key words, text, acknowledgments, references, tables 


(each table, complete with title and footnotes, on a separate page), 
and legends. Number pages consecutively, beginning with the title 
page. Type the page number in the upper right-hand corner of each 
page. 

illustrations must be good quality, unmounted glossy prints, 
usually 12.7 by 17.3 cm (5 by 7 in), but no larger than 20.3 by 25.4 
cm (8 by 10 in). 

Submit three copies of manuscript and figures in heavy-paper 
envelope. Submitted manuscript should be accompanied by cov- 
ering letter, and permissions to reproduce previously published 
materials or to use illustrations that may identify subjects. 

Authors should keep copies of everything submitted. 

Title Page. The title page should contain [1] the title of the 
article, which should be concise but informative; [2] a short running 
head or footline of no more than 40 characters (count letters and 
spaces) placed at the foot of the title page and identified; [3] first 
name, middle initial, and last name of each author, with highest 
academic degree(s); [4] name of department(s) and institution(s) to 
which the work should be attributed; [5] disclaimers, if any; [6] 
name and address of author responsible for correspondence about 
the manuscript; [7] name and address of author to whom requests 
for reprints should be addressed, or statement that reprints will not 
be available from the author; [8] the source(s) of support in the 
form of grants, equipment, drugs, or all of these. 

Abstract and Key Words. The second page should carry an 
abstract of not more than 150 words. The abstract should state the 
purposes of the study or investigation, basic procedures (study 
subjects or experimental animals and observational and analytic 
methods), main findings (give specific data and their statistical 
significance, if possible), and the principal conclusions. Emphasize 
new and important aspects of the study or observations. Define all 
abbreviations except those approved by the International System 
of Units. ; 

Key (indexing) terms. Below the abstract, provide and identify as 
such, three to 10 key words or short phrases that will assist indexers 
in cross-indexing your article and that may be published with the 
abstract. 

Text. The text of observational and experimental articles is 
usually—but not necessarily—divided into sections with the head- 
ings Introduction, Methods, Results, and Discussion. Long articles 
may need subheadings within some sections to clarify their content, 
especially the Results and Discussion sections. Case reports and 
reviews do not require the above sections. 

Introduction. Clearly state the purpose of the article. Summarize 
the rationale for the study or observation. Give only strictly perti- 
nent references, and do not review the subject extensively, 

Methods. Describe your selection of the observational or exper- 
imental subjects (patients or experimental animals, including con- 
trols) clearly. Identify the methods, apparatus (manufacturer's 
name and address in parentheses), and procedures in sufficient 
detail to allow other workers to*reproduce the results. Give refer- 
ences to established methods, including statistical methods; provide 
references and brief descriptions of methods that have been pub- 
lished but are not well known; describe new or substantially 
modified methods, give reasons for using them, and evaluate their 
limitations. | 

When reporting experiments on human subjects, indicate 
whether the procedures followed were in accord with the ethical 
standards of the Committee on Human Experimentation of the 
institution in which the experiments were done or in accord with 
the Helsinki Declaration of 1975. When reporting experiments on 
animal subjects, indicate whether the institution’s or the National 
Research Council's guide for the care and use of laboratory animals 
was followed. Identify precisely ail drugs and chemicals used, 
including generic name(s), dosage(s), and route(s) of administration. 
Do not use patients' names, initials, or hospital numbers. 
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Include numbers of observations and the statistical significance 

o. the findings when appropriate. Detailed statistical analyses, 
mathematical derivations, and the like may sometimes be suitably 
resented in the form of one or more appendixes. 
Results. Present your results in logical sequence in the text, 
tables, and illustrations. Do not repeat in the text all the data in the 
tables and/or illustrations: emphasize or summarize only important 
observations. 

“Discussion. Eao the new and important aspects of the 
st dy and conclusions that follow from them. Do not repeat in 
detail data given in the Results section. Include in the Discussion 
the implications of the findings and their limitations and relate the 
observations to other relevant studies. Link the conclusions with 
the goals of the. study but avoid unqualified statements and conclu- 
sons not completely supported by your data. Avoid claiming 
priority and alluding to work that has not been completed. State 
new hypotheses when warranted, but clearly label them as such. 
*ecommendations, when appropriate, may be included. 

References. (The following style will appear in the journal 
effective volume 60, January 1981.) Number references consecu- 
tvely in the order in which they are first mentioned in the text. 
Identify references in text, tables, and legends by arabic numerals 
(n parentheses). References cited only in tables or in legends to 
f gures should be numbered in accordance with a sequence estab- 
lished by the first identification in the text of the particular table or 
idustration. 

. Use the form of references adopted by the U.S. National Library 
Medicine and used in Index Medicus. Use the style of the 
examples cited at the end of this section, which have been approved 
by the National Library of Medicine. 

The titles of journals should be abbreviated according to the 
syle used in Index Medicus. Consult the "List of Journals Indexed," 
printed annually in the January issue of Index Medicus. 

Avoid abstracts as references; "unpublished observations" and 
"personal communications" may not be used as references, al- 
trough references to written, not verbal, communications may be 
inserted (in parentheses) in the text. Include among the references 
rxanuscripts accepted but not yet published; designate the journal 
‘allowed by “in press" (in parentheses). Information from manu- 
scripts submitted but not yet accepted should be cited in the text 
a5 "unpublished observations" (in parentheses). 

. References must be verified by the author(s) against the original 
Cocuments. 

Examples of correct forms: 

Journal 

E Standard Journal Article (List all authors when six or less; when seven or 

more, list only first three and add et al) 

Soter NA, Wasserman SI, Austen KF. Cold urticaria: release into the 
circulation of histamine and eosinophil chemotactic factor of anaphy- 
laxis during cold challenge. N Engl ] Med 1976;294:687-90. 

& Corporate Author 
The Committee on Enzymes of the Scandinavian Society for Clinical 
Chemistry and Clinical Physiology. Recommended method for the 
determination of gamma-glutamyltransferase in blood. Scand J Clin Lab 
Invest 1976;36:119-25. 
Anonymous. Epidemiology for primary health care. Int ] Epidemiol 
1976;5:224-5. 

Sooks and Other Monographs 


= Personal Author(s) 
Osler AG. Complement: mechanisms and functions. Englewood Cliffs: 
Prentice-Hall, 1976. 


















&, Corporate Author 
American Medical Association Department of Drugs. AMA drug eval- 
uations, 3rd ed. Littleton: Publishing Sciences Group, 1977. 

Editor, Compiler, Chairman as Author 


Rhodes AJ, Van Rooyen CE, comps. Textbook of virology: for students 
and practitioners of medicine and the other health sciences. 5th ed. 
Baltimore: Williams & Wilkins, 1968. 


£o 


Chapter in Book 
Weinstein L, Swartz MN. Pathogenic properties of invading microor- 





(35) 

















ganisms. In: Sodeman WA Jr, Sodeman WA; eds.. Puthokaiic physiol- i 
ogy: mechanisms of disease. Philadelphia: WB Seundets; 1 SNOT = 72, 


7. Agency Publication ei. usu "n 
National Center for Health Statistics. Acute condition nee dence and 
associated disability, United States July 1968-June 1969, Rockville, Md.: 
National Center for Health Statistics, 1972. (Vital ; h statis dn 
Series 10: Data from the National Health Survey, no. Ter cn i 
publication no. (H5M)72-1036). 





Tables. Type each table on a separate sheet; remember to doul 
space. Do not submit tables as photographs. Number 
secutively and supply a brief title for each. Give each 
short or abbreviated heading. Place explanatory 1 matter 
not in the heading. Explain in footnotes all nonstandard 
tions that are used in each table. For footnotes, use the 
symbols in this sequence: *, t, t, §  $ 9» **, ft... 
statistical measures of variation such as 5D and SEM. 

Omit internal horizontal and vertical rules. 

Cite each table in the text in consecutive order. : 

If you use data from another published or unpublish d source, s 
obtain permission and acknowledge fully. | D 
The editor on accepting a mn ud may | recomi end hat ; 











Publications Service or made availablé: iy the + gathers) dn: that E 
event, an appropriate statement will be added to the text. Submit Y 
such table for consideration with the. manuscript. | dc 

Illustrations. Submit three complete sets of figures. Figures 2 4 
should be professionally drawn and photographed; freehand or - 
typewritten lettering is unacceptable. Instead of original. drawings, x 
roentgenograms, and other material, send sharp, glossy black-and. 
white photographic prints, usually 12.7 by 17.3 cm (5 by 7 in) bu 
no larger than 20.3 by 25.4 cm (8 by 10 in). Letters, numbers, and 
symbols should be clear and even throughout, and of sufficient size 
that when reduced for publication each item will still be legible. 
Titles and detailed explanations belong in the legends for illustra- 
tions, not on the illustrations themselves. | oe 

Each figure should have a label pasted on its back indicating thé KU 
number of the figure, the names of the authors, and the top of the 
figure. Do not write on the back of the figures or mount them on — 
cardboard, or scratch or mar them using paper clips. Do not bend it 
figures. 2o 

Photomicrographs must have internal scale markers. Symbols, B 
arrows, or letters used in the photomicrographs should contrast 
with background. 

If photographs of persons are used, either the subjects must: not 
be identifiable or their pictures must be accompanied by written 
permission to use the photograph. TEE 

Cite each figure in the text in consecutive order. If a figure has wu 
been published, acknowledge the original source and submit writ- 
ten permission from the copyright holder to reproduce the material. 
Permission is required, regardless of authorship or publisher, ex- 
cept for documents in the public domain. 

For illustrations in color, supply color negatives or positive 
transparencies and, when necessary, accompanying drawings 
marked to indicate the region to be reproduced; in addition, send 
two positive color prints to assist editors in making recommenda- 
tions. Some journals publish illustrations in color only if the author 
pays for the extra cost. 

Legends for Illustrations. Type legends for illustrations double 
spaced, starting on a separate page with arabic numerals corre- 
sponding to the illustrations. When symbols, arrows, numbers, or 
letters are used to identify parts of the illustrations, dips and 
















identify method of staining in photomicrographs, : pos 
Abbreviations. Define all abbreviations except those SENE » 
by the International System of Units for amount of substance, 






many abbreviations are used, include all i ina x box of de niti ns a pt 
the start of the article. f 


Todays First Choice 


Fihr ane enflurane 


Anesthetists are now using 
Ethrane® (enflurane) more often 
than any other potent anesthetic. 


Their reasons? 


e Stability of heart rhythm p 
A noteworthy feature of anesthesia with Ethrane (enflurane) is stability of heart rhythm’. 

e Compatibility with epinephrine ge 
The compatibility of Ethrane (enflurane) with epinephrine used for hemostasis is such that up ted ls s 

. Of 1:100,000 or 1:200,000 epinephrine solution may be injected subcutaneously over a 10 mint BB 
period. Up to 30 ml of epinephrine solution may be administered over the period of an hour. J 

e Minimal or no liver changes i 
Ethrane (enflurane) has produced either no change or small, transient increases in liver enzymes. 
Repeated enflurane anesthesias also have not significantly altered these values?-5. 

e Minute-by-minute control 2 
With a blood/gas partition coefficient of only 1.9, Ethrane (enflurane) provides for a rapid induction 

and for rapid changes in depth to meet varying needs of surgery and patient management. 

* Potentiation of nondepolarizing relaxants 
Clinical use suggests that % to % the usual dose of nondepolarizing relaxant is required when _ 
anesthesia is obtained with enflurane’. This potentiating effect helps reduce the risk of residual or — E 
recurring postanesthetic paralysis. Om | ae BE 1 

e Rapid recovery; minimal anesthetic after-effect ty oe eT tail 
Because of enflurane's low solubility in blood, patients emerge from anestt ssia prom jl h little 
or no depression of mental function or residual symptomatic effect. hex 
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HNO lir (enflurane ) 
CAUTION: Federal Law Prohibits Dispensing without Prescription. 


EM DESCRIPTION 
ÉTHRANE (enflurane) is a nonflammable inhalation anesthetic 


agent. it is 2-chloro-1.1 2-triftuoroethyl difluoromethyl ether, mole- 
cular weight 184.5, and its structural formula is: 


TE 4 
H-Ç-Ç-O-C-H 
FE OF 


The boiling poirt is 565"C at 760 mm Hg. and the vapor pres- 
sure (mm Hag) ts 175 at 20°C, 218 at 25°C, and 345 at 36 C. Vapor 
pressures can De calculated using the equation: 

logioP TA FB/T. A7 7.967 
B-—-—16784 


T.=°C +273 16 (Kelvin) 

The specific gravity (25°/25°C) is 1.517. The refractive index 
at 20" is 1. 3026-172 „The biood/gàs coefficient is 1.91 at 37°C 
and the oil/gas coefficient is 98.5 at 37°C. The MAC. (minimum 
alveolar concentration) in man is 1.68 percent in pure oxygen, 
0.57 in 70% nitrous Oxide and oxygen, and 1.17 in 30% nitrous 
oxide and oxygen. 

. ETHRANE is a clear, colorless, stable liquid whose purity ex- 
. -ceeds 99.9 percert (area % by gas chromatography). No chemical 
.. stabilizers are added as these have been found. through controlled 
: Ore to maintain stability even in 

"the presence of ultraviolet light. ETHRANE is stable to strong 
base and does not decompose in contact with soda lime and does 
not attack vp uL tin. brass, iron or copper. The partition co 
etficients of ETHRANE at 25°C are 74 in conductive rubber and 
120 in polyvinyl chloride. 


TEMA ACTIONS 

ETHRANE (enflurane} is an inhalation anesthetic. induction and 
recovery from anesthesia with ETHRANE are rapid ETHRANE 
has a mild, sweet odor There is mild stimulus to salvation or 
tracheobronchial secretions when ETHRANE is used alone 
Pharyngeal and laryngeal reflexes are readily obtunded. The level 
of anesthesia changes rapidly with ETHRANE. ETHRANE re 
duces ventilation as depth of anesthesia increases. High pCO: 
levels can be obtained at deeper levels of anesthesia if ventilation 
is not supported. ETHRANE provokes a sigh response reminiscent 
of that seen with diethyl ether. 

There is a decrease in blood pressure with induction of anes- 
thesia, followed bv a return to near normal with surgical stimula- 
tion. Progressive increases in depth of anesthesia produce 
corresponding increases in hypotension. Heart rate remains 
relatively constant without significant bradycardia. Electrocardio- 
graphic monitoring or recordings indicate that cardiac rhythm 
remains stable. Elevation of the carbon dioxide level in arterial 
blood does not alter cardiac rhythm. 

Studies in man indicate a considerable margin of safety in the 
administration of epinephrine containing solutions during 
ETHRANE anesthesia. ETHRANE anesthesia has been used in 
excision of phecchromocytoma in man without ventricular 
arrhythmias. On the basis of studies in patients anesthetized with 
ETHRANE and injected with epinephrine containing solutions to 
achieve hemostas:s, up to 10 mi of 1:100,000 or 1.200.000 epine- 
phrine containing solution may be injected subcutaneously at a 
rate of not more than 10 mi per minute and no more than 30 mi per 
hour. All customary precautions in the use of vasoconstrictor 
substances shouic be observed. 

Muscie relaxation may be adequate for intra-abdominal opera- 
tion at normal levels of anesthesia. Muscie relaxants may be used 
to achieve greater relaxation and all commonly used muscle re- 
laxants are compatible with ETHRANE. THE NONDEPOLARIZ- 
ING MUSCLE RELAXANTS ARE POTENTIATED. in the norma! 
70 kg adult, 6 to 9 mg of d-tubocurarine or 1 to 1.5 mg of pan- 
curonium will produce a 90 percent or greater depression of twitch 
height. Neostigmine does not reverse the direct effect of 
ETHRANE. 

Biotranstormation of ETHRANE in man results in low levels of 
serum fluoride ions averaging 15 mM/L. These levels are well 
below the 50 mM/’L threshold level which can produce minimal 
renal damage in normal subjects; however, it is possible that these 
teveis could result in damage in patients with severely impaired 
renal function or those undergoing renal transplantation. Depres- 
gion of lymphocyte transformation does not follow prolonged 
ETHRANE anesthesia in man in the absence of surgery. Thus 
ETHRANE does not depress this aspect of the immune response. 


INDICATIONS 
ETHRANE (enfiurane) may be used for induction and maintenance 
of general anesthesia. Adequate data have not been developed 
to establish its application in obstetrical anesthesia. 


CONTRAINDICATIONS 
Seizure disorders ‘see WARNINGS). 
Known sensitivity to ETHRANE (enflurane) or other halogenated 


anesthetics. 

wis WARNINGS 
Increasing depth of anesthesia with ETHRANE (enfturane) may 
produce a change in the electroencephalogram characterized by 





high voltage, fast frequency, progressing through spike-dome 
complexes alternating with periods of electrical silence to frank 
seizure activity. The latter may or may not be associated with motor 
movement. Motor activity, when encountered, generally consists 
of twitching or “jerks” of various muscle groups; it is self-limiting 
and can be terminated by lowering the anesthetic concentration. 
This electroencephalographic pattern associated with deep anes- 
thesia is exacerbated by low arterial carbon dioxide tension. A 
reduction in. ventilation and anesthetic concentration usually 
suffices to eliminate seizure activity. Cerebral blood flow and 
metabolism studies in normal volunteers immediately following 
seizure activity show no evidence of cerebral hypoxia. Mental 
function testing does not reveal any i mpairment of performance 
following prolonged ETHRANE anesthesia associated with or not 
associated with seizure activity. 

Since levels of anesthesia may be altered easily and rapidly. 
only calibrated vaporizers which measure output with reasonable 
accuracy should be used. Hypotension and respiratory exchange 
can serve asa guide to anesthesia depth. Deep levels of anesthesia 
may produce marked hypotension and respiratory depression. 

The action of nondepolarizing relaxants is augmented by 
ETHRANE. Less than the usual amounts of these drugs should be 
used. if the usual amounts of nondepolarizing relaxants are given, 
the time for recovery from myoneural blockade will be longer in 
the presence of ETHRANE than for other commonly used 
anesthetics. 

Usage in Pregnancy: Safety in pregnancy has not been estab- 
lished. Reproduction studies have been performed in rats and 
rabbits, and there is no evidence of harm to the animal fetus. The 
relevance of these studies to the human is not known. Since there 
is no adequate experience in pregnant women who have received 
the drug, safety in pregnancy has not been established. 


PRECAUTIONS 

Bromsulfalein (BSP) retention is mildly elevated postoperatively 
in some cases. This may relate to the effect of surgery since pro- 
longed anesthesia (5 to 7 hours) in human volunteers does not 
result in BSP elevation. There is some elevation of glucose and 
white blood count Wait dlllgh Glucose elevation should be 
considered in diabetic patients. ETHRANE (enflurane) should be 
used with caution in patients who by virtue of medical or drug 
history could be considered more susceptible to cortical stimula- 
tion produced by this drug. As with other general anesthetics and 
some muscie relaxants, hyperpyrexia has been observed with 
the use of ETHRANE 


ADVERSE REACTIONS 
1. Motor activity exemplified by movements of various muscle 
roups and/or seizures may be encountered with deep levels of 
THRANE lenflurane! anesthesia, or light levels with hypocapnia. 
2. Hypotension and respiratory depression have been reported. 
3. Arrhythmias, shivering, nausea, and vomiting have been 
reported. 
4 Elevation of the white blood count has been observed. 


DOSAGE AND ADMINISTRATION 
The concentration of ETHRANE (enflurane) being delivered dur- 
ing anesthesia from a vaporizer should be known. This may be 
accomplished by using: 

a! vaporizers calibrated specifically for ETHRANE: 

b! vaporizers from which delivered fiows can easily and readily 

be calculated. 

Nothing is present in the agent to alter calibration or affect the 
operation characteristics of the vaporizer. 

Preanesthetic Medication: Preanesthetic medication should be 
selected according to the need of the individual parien takin 
into account that secretions are weakly stimulated by ETHRAN 
and the heart rate remains constant. The use of anticholinergic 
drugs is a matter of choice. . 

Induction: Induction may be achieved using ETHRANE alone 
with oxygen or in combination with oxygen-nitrous oxide mixtures. 
Under these conditions some excitement may be encountered. If 
excitement is to be avoided, a hypnotic dose of a short-acting bar- 
biturate should be used to induce unconsciousness, followed by 
the ETHRANE mixture. In general, inspired concentrations of 
3 5-4.5% £THRANE produce surgical anesthesia in 7-10 minutes. 

Maintenance: Surgical levelseof anesthesia may be obtained 
with 1.5-3% ETHRANE. Maintenance concentrations should not 
exceed 3%. if added relaxation is required, supplemental doses 
of muscie relaxants may be used. Ventilation to maintain the ten- 
sion of carbon dioxide in arterial blood in the 35-45 mm Hg range 
is preferred. Hyperventilation should be avoided in order to 
minimize possible CNS excitation. l l 

The level of blood pressure during maintenance is an inverse 
function of ÉTHRANE concentration in the absence of other com- 
plicating problems. Excessive decreases (unless related to hypo- 
volemia) may be due to depth of anesthesia and in such instances 
shouid be corrected by lightening the level of anesthesia. 

Ov : in the event of overdosage, or what may appear 
to be overdosage, the following action should be taken: 

Stop drug administration; establish that the airway is clear and 

initiate assisted or controlled ventilation with pure oxygen as 

circumstances dictate. 


PACKAGING 
ÉTHRANE (enflurane) is packaged in 125 and 250 m! amber 
colored bottles. 
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In neonatal ventilation, “/ need a small, constant, compressible volume for greater 
accuracy and consistency of tidal volume delivery.” 


In adult ventilation, “/ need low resistance to gas ilow to minimize the work of breathing 
for the patient during IMV and CPAP.” 


In anesthesia, “/ need high heat and humidity output to maintain the patient's body 
temperature during prolonged surgical procedures.” 


Many demands are made on a heated 

humidifier. The Bird Heated Humidifier 

meets them fully. It outperforms all 

others in recent comparative 

studies* Only Bird: 

* Fas the lowest consistent 
compressible volume (180 ml) 

* Offers the lowest resistance to 
gas flow (0.3 cmH2O/L/sec at 
60 LPM) 

* Celivers 100% RH at 37°C at high 
gas flows 

* Exhibits the smallest temperature 
variation over a 10-hour observation 
period 


Other proven features can be added to 
this tested performance: 
* Speed: the fastest warm-up time of 
just 2% minutes 
- Fatient safety: built-in audible/visual à m 
high temperature alarm. LCD monitor P | S | MIDIFIER 
display of proximal airway temperature OD a- i H NTROLLER 
i Compact size and quiet operation 3 oH ; ~~ © 


Compare it, as others have, and you'll 
discover that no other heated humidifier 
off2rs so much. 


*Data on file, Bird Corporation 


Bird Corporation 

Mark 7 

Palm Springs, California 92263 
(714) 327-1571 
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SINGLE ISSUES PRIOR TO 1954: ‘Write to publisher at address below for listing of issues available at $2. 00 each. 
BOUND VOLUMES AVAILABLE: $8.00— For Years 1947, 1948, 1949; $10.00—For Years 1953, 1955 
OTHER PUBLICATIONS AVAILABLE: 
; "Basic and Clinical Physiology of the Liver" (Supplement to Sept.-Oct. 1965 issue) — $3.00. 
. Ten-Year (1960-1969) Cumulative Index— $3.00. 
Ten-Year (1970-1979) Cumulative Index— $3.00. 
1979 (53rd Congress) Review Course Lectures— $5.00. 
det 980 (54th Congress) Review Course Lectures & Abstracts— $5.00. 
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MEAIOT IAE A: AMA 
of ventila on. 


The new End-tidIL" 200 CO, Monitor gives you breath-by-breath 
analysis of expired CO, at an affordable price. 


For over a decade, IL has been providing anes- 
thesiologists with products to monitor oxygen 
delivery. Now, the End-tidIL™ 200 CO, Monitor 
provides a safeguard for proper ventilation. At 
an introductory price of under $2000. 


This new instrument monitors the patient's 
expired % CO, on a continuous or peak value 
basis to indicate: 


e cardiac and pulmonary information 
* hypercapnia and hypocapnia 

e malfunction of the CO, absorber 

. air embolism 

e disconnected or obstructed airway 

e changes in arterial Pco, 


IL, the leading manufacturer of O, Monitors, 
offers this quality CO, Monitor at a price that 
makes it affordable for every patient under 
anesthesia to be assured of proper ventilation. 
Fora demonstration or further information, 
call IL toll-free: 800 225-4040 


(800 342-8856 in MA) 
or write: 


Instrumentation Laboratory Inc. 
Sensorlab Division 

One Burtt Road 

Andover, MA 01810 


E The Critical Care Specialist... 


Instrumentation 





EVERY TWO SECONDS 
FLUOTHANE IS 


. (halothane, US.P) 





Sian 


Over 500 million administrations throughout the world. 
Well over 125 million administrations in the 
United States alone. 


somewhere in the world—every two seconds—someone makes another decision 
to use FLUOTHANE® (halothane, U.S.P.). And for good reasons: 


o FLUOTHANE has been more widely investigated than any other 
inhalation anesthetic. 








o The FLUOTHANE experience shows association with hepatotoxicity 
to be extremely rare.’ According toconclusions drawn from the 
United States National Halothane Study and other studies,* unex- 
plained jaundice following anesthesia with halothane *... was a rare 
occurrence (approximately 1:30,00C administrations) and... the over- 
all safety record of the anesthetic was excellent."? 


OG FLUOTHANE *...is nearest to the ideal [inhalation anesthetic] pres- 
ently available for children of cll ages. ? 


o FLUOTHANE has been recommended as the “anesthetic of choice” 
for asthmatics. 


O And, of particular benefit in ger-atrics and cardiovascular surgery: 
Excessive respiratory depression is rarely a problem with 
FLUOTHANE. Nor does it produce an increase in salivary or 
Bronchial secretions. 


*A comprehensive retrospective analysis covering 856,000 general anesthesias— nearly one-third 
using FLUOTHANE. Bunker, J.P., et al.: The National Halothane Study. Washingion, D.C., 
Government Printing Office, 1969. 


References: 
1. Bunker, J.P, etal.: The National Halothane Study. See : : 
Washington, D.C., Government Printing Office, following page for Brief Summary. 
1969. 
2. Brown, B.R., Sipes, LG.: Biochem. Pharmacol. 





26:2091-2094, 1977. 

3. Steward, D.].: Anesthesiology 43:268-276 (Aug.) 
1975, f 

4. Proceedings, Virginia Society of Anesthesiologists, Ayers e Ay erst Laboratories 
April 20-22, 1979, Richmond, VA. Zw New York, N.Y. 10017 














the most widely used inhalation 
anesthetic i in nae world 


thelothane US. SP 









for a wide variety of 
techniques and procedures in patients of all ages 


(Complete text of package circular.) 
Description. FLUOTHANE, brand of halo- 
thane, U.S.P, is an inhalation anesthetic. 
It is 2-bromo-2-chloro-1, 1, 1-trifluoro- 
ethane and has the following structural 
formula: Br 


F 





C—C 





Ci 


F H 


The specific gravity is 1.872-1.877 at 
20° C, and the boiling point (range) is 49° 
C-51* C at 760 mm Hg. The vapor pres- 
sure is 243 mm Hg at 20° C. The blood/ 
gas coefficient is 2.5 at 37? C, and the 


. Olive oil/water coefficient is 220 at 37* C. 


Vapor concentrations within anesthetic 

range are nonirritating and have a pleas- 
ant odor. FLUOTHANE is nonflammabie, 
and its vapors mixed with oxygen in pro- 
portions from 0.5 to 50 per cent (v/v) are 


not explosive. 


FLUOTHANE does not decompose in 


: .. contact with warm soda lime. When mois- 
— ture is present, the vapor attacks alumi- 


num, brass, and lead, but not copper. 
Rubber, some plastics, and similar mate- 
rials are soluble in FLUOTHANE; such ma- 
terials will deteriorate rapidly in contact 
with FLUOTHANE vapor or liquid. Stability 
of FLUOTHANE is maintained by the addi- 


tion of 0.01 per cent thymol (w/w), and 
. Storage is in amber colored bottles. 


FLUOTHANE should not be kept indef- 
initely in vaporizer bottles not specifically 
designed for its use. Thymol does not vol- 


.. atilize along with FLUOTHANE, and there- 


fore accumulates in the vaporizer, and 


Eu may, in time, impart a yellow color to the 









remaining liquid or to wicks in vaporizers. 
The development of such discoloration 
may be used as an indicator that the va- 


. porizer should be drained and cleaned, 
and the discolored FLUOTHANE 
. (halothane, U.S.P) discarded. Accumula- 


rame. j 


tion of thymo! may be removed by washi ing 


with diethyl ether. After cleaning a wick or 


vaporizer, make certain all the diethy! 
ether has been removed before reusing 
the equipment to avoid introducing ether 
into the system. 

Actions. FLUOTHANE is an inhalation 
anesthetic. Induction and. tecovery are 
rapid and depth of anesthesia can be rap- 
idly altered. FLUOTHANE progressively 


: .  depresses respiration. There may be 


tachypnea with reduced tidal volume and 
alveolar ventilation. FLUOTHANE is not an 
irritant to the respiratory tract, and no in- 
crease in salivary or bronchial secretions 
ordinarily occurs. Pharyngeal and laryn- 
geal reflexes are rapidly obtunded. It 
causes bronchodilation. Hypoxia, acido- 
sis, or apnea may develop during deep 
anesthesia. 

FLUOTHANE reduces the blood pres- 
sure, and frequently decreases the pulse 
rate. The greater the concentration of the 
drug, the more evident these changes 
become. Atropine may reverse the bra- 
dycardia. FLUOTHANE does not cause 
the release of catecholamines from 
adrenergic stores. FLUOTHANE also 
causes dilation of the vessels of the skin 
and skeleta! muscles. 

Cardiac arrhythmias may occur during 
FLUOTHANE anesthesia. These include 
nodal rhythm, AV dissociation, ventricular 
extrasystoles and asystole. FLUOTHANE 
sensitizes the myocardial conduction sys- 
tem to the action of epinephrine and 
norepinephrine, and the combination may 
cause serious cardiac arrhythmias. 
FLUOTHANE increases cerebral spinal 
fluid pressure. FLUOTHANE produces 
moderate muscular relaxation. Muscle re- 
laxants are used as adjuncts in order to 
maintain lighter levels of anesthesia. 
FLUOTHANE augments the action of non- 
depolarizing relaxants and ganglionic 
blocking agents. FLUOTHANE is a potent 
uterine relaxant. 

Indications. FLUOTHANE (halothane, 
U.S.P) is indicated for the induction and 
maintenance of general anesthesia. 
Contraindications. FLUOTHANE is not 
recommended for obstetrical anesthesia 
except when uterine relaxation is required. 
Warnings. When previous exposure to 
FLUOTHANE was followed by unexplained 
jaundice, consideration should be given to 
the use of other agents. 

FLUOTHANE should be used in vapor- 
izers that permit a reasonable approxima- 
tion of output, and preferably of the cali- 
brated type. The vaporizer should be 
placed out of circuit in closed circuit re- 
breathing systems; otherwise overdosage 
iS difficult to avoid. The patient should be 
closely observed for signs of overdosage, 
i.e., depression of blood presserre, pulse 
rate, and ventilation, particularly during 


| assisted or controlled ventilation. 





Usage in Pregnancy. Safe use of 
FLUOTHANE has not been established 
with respect to possible adverse effects 
upon fetal development. Therefore, 
FLUOTHANE should not be used in 
women where pregnancy is possible anc 
particularly during early pregnancy, un- 
less, in the judgment of the physician, the 
potential benefits outweigh the unknown 
hazards to the fetus. 

Precautions. The uterine relaxation ob- 
tained with FLUOTHANE, unless carefully 
controlled, may fail to respond to ergot de- 
rivatives and oxytocic posterior pituitary 
extract. 

FLUOTHANE increases cerebrospinal 
fluid pressure. Therefore, in patients with 
markedly raised intracranial pressure, if 
FLUOTHANE is indicated, administration 
should be preceded by measures ordinari- 
ly used to reduce cerebrospinal fluid pres- 
sure. Ventilation should be carefuily as- 
sessed, and it may be necessary to assist 
or control ventilation to insure adequate 
oxygenation and carbon dioxide removal. 

Epinephrine or norepinephrine should 
be employed cautiously, if at all, during 
FLUOTHANE (halothane, U.S.P) anesthe- 
sia since their simultaneous use may in- 
duce ventricular tachycardia or fibrillation. 

Nondepolarizing relaxants and gangli- 
onic blocking agents should be adminis- 
tered cautiously since their actions are 
augmented by FLUOTHANE. 

Adverse Reactions. The following adverse 
reactions have been reported: mild, mod- 
erate and severe hepatic dysfunction 
(includigg hepatic necrosis), cardiac ar- 
rest, hypotension, respiratory arrest, 
cardiac arrhythmias, hyperpyrexia, shiver- 
ing, nausea, and emesis. 

Dosage and Administration. FLUOTHANE 
may be administered by the nonrebreath- 
ing technic, partial rebreathing, or closed 
technic. The induction dose varies from 
patient to patient. The maintenance dose 
varies from 0.5 per cent to 1.5 per cent. 

FLUOTHANE may be administered with 
either oxygen or a mixture of oxygen and 
nitrous oxide. 

How Supplied. No. 3125— Unit packages 
of 125 mi and 250 ml of halothane, U.S.P. 
stabilized with 0.01% thymol (w/w). 
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t Ayerst Laboratories 
y erst. New York, N.Y. 10017 






When you have 
the best Epidural Catheter 
You design the best 
Continuous Epidural 
Anesthesia Tray. 











































EL ERLE HL RT 
CRITICAL CARE FELLOWSHIP 

Our 300-bed Harvard affiliated teaching 
hospital has a position available from July 
1, 1980 to Tune 30, 1981 for PGY 4-5 in 
multi-disciplinary ICU environment. Ex- 
posure to all areas of intensive care med- 
icine including invasive and non-invasive 
monitoring, hyperalimentation, pulmo- 
nary care, etc. Specialty alignment not crit- 
ical but anesthesia experience preferred. 
Reply to A. Dalal, M.D., Mt. Auburn Hos- 
pital, 330 Mt. Auburn Street, Cambridge, 
MA 02138. Tel: (617) 354-7260. An Equal 
Opportunity Employer. 


UNIVERSITY OF SOUTH FLORIDA 
Chairperson, Department of Anesthesiol- 
ogy, College of Medicine, Tampa. Appli- 
cants should be Board Certified, should be 
: capable and experienced in teaching, re- 
. search and clinical care, and should have 
^. leadership and administrative skills appro- 
" ^. priate to the development of a new de- 
^- 5 partment. Interested candidates should 
_. < submit inquiries and curricula vitae to An- 
^-^ thony Reading, M.D., Chairman, Anesthe- 
. Ls sSiology Search Committee, Box 14, USF 
C: College of Medicine, 12901 N. 30th Street, 
C> Tampa, Florida 33612. The University of 
South Florida is an Equal Opportunity 
Employer. 


PHYSICIANS WANTED: 

c: University of Alabama in Birmingham, 
.: School of Medicine, Department of Anes- 
^u thesiology has openings for Professor, As- 
^. .sociate Professor, Assistant Professor and 
"^. Instructor to participate in clinical and res- 
—^ ident training activities. Applicants may 
— send a C.V. to Edward A, Ernst, M.D., 
_. Professor and Chairman, Department of 
J Anesthesiology, University Hospital, Uni- 
(7 versity Station, U.A.B., Birmingham, Ala- 
^ bama 35233. An Equal Opportunity/Af- 

firmative Action Employer. 





classified 
ADVERTISING 


SC SNES E 
MARYLAND: 


The Maryland Institute for Emergency 
Medical Services Systems is seeking staff 
anesthesiologists with an interest and/or 
experience in critical care, trauma anesthe- 
sia and/or neuro-surgical anesthesia/crit- 
ical care. MIEMSS is the 85 bed clinical 
center for trauma care and research in the 
State of Maryland. Teaching and research 
opportunities in a multidisciplinary setting 
are available. Salary negotiable, liberal 
fringe benefits. Send curriculum vitae to: 
Peter Chodoff, M.D., M.P.H., Chief, Crit- 
ical Care/Anesthesia, Maryland Institute 
for Emergency Medical Services Systems, 
Baltimore, Maryland 21201 


ACADEMIC ANESTHESIOLOGIST PO- 
SITION— 


Academic anesthesiologists, University of 
Louisville School of Medicine. Positions 
for eligible or board certified anesthesiol- 
ogists with rank commensurate with qual- 
ifications. Duties include patient care, 
medical student and resident teaching, and 
research. Specific interests may include 
any subspecialty. Must be eligible for li- 
censure in Kentucky. Inquiry from all 
qualified applicants welcome. Competitive 
salary and fringe benefits. Send inquiry, 
curriculum vitae, and names of four ref- 
erences to George E. Webb, M.D., Chair- 
man, Department of Anesthesiology, P.O. 
Box 35260, Louisville, Kentucky 40232. An 
Affirmative  Action/Equal Opportunity 
Employer. 


MAYO FOUNDATION, DEPARTMENT 
OF ANESTHESIOLOGY — 


Opportunities for advanced subspecialty 
training in cardiovascular and neuro-an- 
esthesia, respiratory intensive care, and 
pain management are available to quali- 
fied candidates. Indepth training experi- 
ence in one or more of these areas for 
periods of six months to two years may be 
arranged. For additional details, contact; 
Alan D. Sessler, M.D., Chairman, Depart- 
ment of Anesthesiology, Mayo Founda- 


- tion, Rochester, Minnesota 55901. 


mw . 





MISSOURI 

Anesthesiologist wanted to join private 
group practice. 400-bed hospital with all 
specialties except open heart; little OB. 
Town of 100,000 with good schools, close 
airport, and good recreation. Excellent 
starting income, fringes, and potential. Re- 
ply to Box 7-79-A, c/o LA.R.S. 


UDFEERUTIOUERTEVIUESU NR aa 
ANESTHESIOLOGY — 


3 year approved Program. All types of 
Anesthesia—including open heart, inha- 
lation therapy. University affiliated. Please 
write to: Paul J. Ditmyer, M.D., Chairman; 
Department of Anesthesiology; The To- 
ledo Hospital; 2142 N. Cove Boulevard; 
Toledo, Ohio 43606. 


a Se Ee a SCION ESPECIE ERROR EOS 
OHIO ANESTHESIOLOGIST— 

Position presently available in group com- 
prising M.D.'s and CRNA's in 500 bed 
hospital with all specialities except open 
heart. Call or send curriculum to John 
Biggins, M.D., Dept. of Anesthesia, Tram- 
bull Memorial Hospital, Warren, Ohio 
44483. (216) 841-9230. 


PEDIATRIC ANESTHESIOLOGY RESI- 
DENCY d C 
Childrens Hospital of Los Angeles has ad- 
vancedeclinical program for residents at 
the second and third year level of training. 
Also accepting applications from practic- - 
ing anesthesiologists who wish to update 
their knowledge and proficiency. Positions 
available from 2 months to 1 year. Spe- 
cialized year approved by the AMA, For 
further details contact: 

George B. Lewis, Jr, MD 

Head, Division of Anesthesiology 

Childrens Hospital of Los Angeles 

4650 Sunset Boulevard 

Los Angeles, CA 90027 

Phone (213) 662-1708 
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ADVERTISING 





UNIVERSITY OF IOWA, Fellowship in 
TULANE UNIVERSITY, New Orleans, Cardiac Anesthesia: m 
Louisiana Opportunity for excellent training in an- Rates for classified. advertising: $ Re 
Position available in July 1980 for a staff esthesia for cardio-vascular and shoracic per line, minimum 5 lines: box nu 








academic anesthesiologist. Responsibili- surgery for anesthesiology traineesseeking ads $3.50 per line. Classified. display ites 
ties in clinical, teaching and research areas. SPECIALIZED year position: Ofeers one on request. Copy deadline 6 weeks. pi r 
Tulane University is an Affirmative Ac- year of clinical experience and sesearch to publication. Do not submit- payment 


tion/Equal Opportunity employer. Send involving a wide range of adult asd pedi- with order; invoices will be sent for pay- - 
Curriculum Vitae to: Robert R. Kirby, atric diseases. For additional details con- ment prior to publication. Ad copy, subject 
M.D., Department of Anesthesiology, Tu- tact Wendell C. Stevens, Professor and to acceptance by publisher, should be. 
lane University School of Medicine, 1430 Head, Department of Anesthesia, Jniver- mailed to: Anesthesia and Analgesia, 36 b 
‘Tulane Avenue, New Orleans, Louisiana sity of lowa Hospitals and Clinies, lowa Warrensville Center Rd, Cleveland, OH 
70112. City, lowa 52242. 44122, 7 












FULLY ACCREDITED i m T 
PROG R AM 


PGY-1,2,3&4 © 
UNIVERSITY of MASSACHUSETTS. 
MEDICAL CENTER 


Applications are now being accepted for BM 
Amaesthesia Residencies, (PGY-1, 2, 3 & 4) - 

in the Department of Anaesthesia, Univer- - 
sity of Massachusetts Medical Center, - 
Worcester, Massachusetts. For further in . 
formation, please contact: a 


Michael Stanton-Hicks, M.B.B.S. 
Program Director of Residency Program 
Professor and Chairman 
Department of Anaesthesia — - e 
University of Massachusetts Medical Center —— 
Worcester, MA 01605 ui 


CHAIRMAN 
DEPARTMENT OF ANESTHESIOLOGY 






Applications for Chairman of Anesthesia Department 
at Woodhull Hospital, Brooklyn, NY, are invited. 
Aoodhull, a 640 bed ultra-modern municipal hospital 
operated by the New York City Health and Hospitals 

Corporation, will be a primary teaching affiliate of 
the Downstate Medical School. The hospital, cur- 
rently under construction is scheduled to open in June 
of 1981. 













Employment will begin dix to twelve months prior to 
the opening date. Applicants must be certified by the 
American Board of Anesthesiology; have at least five 
wears experience as an attending anesthesiologist; ad- 
ministrative, teaching, and research experiences help- 
ful. Send curriculum vitae and names and address of 
| three reference persons to: 
: James E. Cottrell, M.D., Professor & Chairman, 
Department of Anesthesiology, 










b: AmAftirmative Action/ Equal Opportunity Employer ^. 
a . Downstate Medical Center, iig d alc (s 
- 450 Clarkson Avenue, Box 6, 
| Brooklyn, N.Y., 11203 University of 
. : Massachusetts 
a c Metdi:al Center 
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Remove the Block Yourself 


Reverse with 
REGONOL pyridostigmine bromide 


Regonol rapidly restores full neuromuscular transmission. p" 


bradycardia than neostigmine. 


Brief Summary (Please consult full package insert, enclosed in every 
package. before using Regonol). 


INDICATIONS—Regonol (pyridostigmine bromide) is useful as a reversal 
agent or antagonist to nondepolarizing muscle relaxants. 


CONTRAINDICATIONS—Known hypersensitivity to anticholinesterase 
agents; intestinal and urinary obstructions of mechanical type. 


WARNINGS -—Use with particular caution in patients with bronchial asthma or 
cardiac dysrhythmias. Transient bradycardia may occur and be relieved by 
atropine sulfate. Atropine should also be used with caution in patients with 
cardiac dysrhythmias. Because of the possibility of hypersensitivity in an 
occasional patient, atropine and antishock medication should always be 
readily available. 


Usage in Pregnancy—The safety of pyridostigmine bromide during preg- 
nancy or lactation in humans has not been established. Therefore its use in 
women who are pregnant requires weighing the drugs potential benefits 
against its possible hazards to mother and child. 


ADVERSE REACTIONS- Side effects are most commonly related to over- 
dosage and generally are of two varieties, muscarinic and nicotinic. Among 
the former group are nausea, vomiting, diarrhea, abdominal cramps, 
increased peristalsis, increased salivation, increased bronchial secretions, 
miosis and diaphoresis. Nicotinic side effects are comprised chiefly of muscle 
cramps, fasciculation and weakness. Muscarinic side effects can usually be 
counteracted by atropine. As with any compound containing tee bromide 


It produces fewer oropharyngeal secretions and less 





. v1; 


radical, a skin rash may be seen in an occasional patient. Such reactions 
usually subside promptly upon discontinuance of the medication. Throm- 
bophlebitis has been reported subsequent to intravenous administration. 


DOSAGE AND ADMINISTRATION—Prior or simultaneous administration of 
atropine sulfate (0.6 to 1.2 mg; IV) is recommended to minimize the side 
effects (excessive secretions, bradycardia). Usually 10 or 20 mg of pyridos- 
tigmine bromide will be sufficient for antagonism of the effects of the 
nondepolarizing muscle relaxants. Although full recovery may occur within 
15 minutes in most patients, others may require a nalf hour or more. 
Satisfactory reversal can be evident by adequate voluntary respiration, 
respiratory measurements and use of a peripheral nerve stimulator device. It 
is recommended that the patient be well ventilated and a patent airway 
maintained until complete recovery of normal respiration is assured. Once 
satisfactory reversal has been attained, recurarization has not been reported. 

Failure of pyridostigmine bromide to provide prompt (within 30 minutes) 
reversal may occur, e.g. in the presence of extreme debilitation, carcinoma- 
tosis, or with concomitant use of certain broad spectrum antibiotics or 
anesthetic agents, rotably ether. 


CAUTION—Federal law prohibits dispensing without a prescription. 


HOW SUPPLIED —F egonolis available in: 2 ml ampuls—5 mg/ml boxes of 10. 
NDC 2: 0052-0460-10 


Organon Pharmaceuticals 
A Division of Organon Inc. 
West Orange, N.J. 07052 


Organon 


A PART OF /^kZOna INC 


WITH PHARMASEAL, 


YOU'RE ALWAYS WELL-CONNECTED. 


When it comes to sterile, pressure 
monitoring/injection tubing. plastic 
stopcocks, and I.V. extension tubing. 
Pharmaseal makes sure you re 
well-connected. 


First, for the best connections. our 
pressure monitoring/injection 
tubing is clearly better. 

For one, both tubing and con- 
nectors are totally transparent for 
superb visibility. Plus. special 
winged connectors assure a 
secure fit. 

Tubing is available with either 
male/female or male/male adapt- 
ers in lengths from 6" to 84" 

All tubes are also individually 
sealed in a sterile, peel-open 
package. 

Most important of all, you can 
count on the tubings total depend- 
ability for pressures up to 35 
KG/CM? (500 psi). 


Plus, we offer more stopcocks for 
more applications to meet more 
of your needs in the hospital. 

One-way stopcocks. 

Three-way stopcocks. 

Four-way stopcocks. 

Novex three-way stopcocks (for 
IV and other low pressure uses). 


© Pharmaseal 
Glendale, CA 91201 





Stopcocks with special caps to 
protect ports, rotating Luer-lock 
adapters, pre-attached extension 
tubes and a wide variety of exten- 
sion tubes. 

All with smooth-turning handles 
and tight-fitting parts that wont 
stick or leak in normal use. 
(Approved for use up to 125 psi.) 


And, we also offer custom monitor- 
ing kits including pressure tubing, 
stopcocks and disposable trans- 
ducer domes. 


Let us help you make the best 
connections in stopcocks, tubing 
and custom kits. For details and 
samples, just contact your Pharma- 
seal representative. 

We want you to be well- 
connected. 


PHARMASEAL® 





ISSN 0003-2999 
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NARCAN 





NARCAN reverses 
narcotic-induced _ 
respiratory depression 

* has no morphine-like activity 

* will not cause any depression of its own 
or augment non-narcotic depression 


'* dosage can be titrated to reverse 
resoiratory depression and maintain 
adequate analgesia 


Useful when narcotic/N,O 
anesthesia is employed 


Potent, reliable and 
fast acting 

* response Is usually evident within 
2-3 minutes after I.V. administration and 
on y slightly longer I.M. 

e can be used I.V., I. M. or subcutaneously 
according to the patient's need for 
immediacy and duration of narcotic 
antagonism 


NARCAN*® is an Endo registered U.S. trademark; U.S. Pat. 3,254,088 


naloxone HCI 
NEUTRALIZES THE NEGATIVE 











The duration of activity of some 
narcotics may exceed that of 
NARCAN?® Observe the patient 
Closely and give repeat doses of 
NARCAN" if needed. 


Also available, 
NARCAN' NEONATAL 
naloxone HCI 


Please see next page for complete 
prescribing information. 


éndo Laboratories, Inc. 


Subsidiary of E.l. du Pont de Nemours & Co. (Inc.) 
Garden City, New York 11530 














DESCRIPTION NARCAN® (naloxone hydrochloride), a narcotic antagonist, is a synthetic congener 
of oxymorphone. In structure it differs from oxymorphone in that the methyl group on the nitrogen 
atom is replaced by an allyl group. | 


eHCI 





HO Cy Oo 


NALOXONE HYDROCHLORIDE 
—. (-)-17-Allyl-4, 5a-epoxy-3, 14- — 
dihydroxymorphinan-6-one hydrochloride 


Naloxone hydrochloride occurs as slightly off-white crystals, and is soluble in water, slightly solu- 
ble in alcohol and practically insoluble in ether. 


NARCAN® {naloxone hydrochloride) Injection is available in two concentrations, 0.02 mg and 04 
mg of naloxone hydrochloride per mi. Each ml of either strength contains 8.6 mg of sodium chio- 
ride; and 2.0 mg of methylparaben and propylparaben as preservatives in a ratio of 9 te 1. pH is 
adjusted with hydrochloric acid. 

ACTIONS NARCAN® {naloxone hydrochloride} is an essentially pure narcotic antagonist, ie. it 
does not possess the “agonistic” or morphine-like properties characteristic of other narcotic 
antagonists; NARCAN * (naloxone hydrochloride) does not produce respiratory depression, psy- 
Chotamimetic effects or pupillary constriction. In the absence of narcotics or agonistic effects of 
other narcotic antagonists it exhibits essentially no pharmacologic activity. 

in the presence of paysical dependence on narcotics NARCAN® (naloxone hydrochloride) will 
produce withdrawal symptoms; it has not been shown to produce tolerance nor to cause physical 
or psychological dependence. 


When NARCAN® (naloxone hydrochloride) is administered intravenously the onset of action is gen- 
erally apparent within two minutes; the onset of action is only slightly less rapid when it is 
administered subcutaneously oc intramuscularly. The duration of action is dependent upon the 
dose and route of administration of NARCAN'* {naloxone hydrochloride). Intramuscular ad- 
ministration produces a more prolonged effect than intravenous administration. The requirement 
for repeat doses of NARCAN® (naloxone hydrochloride), however, will also be dependent upon the 
amount, type and route of administration of the narcotic being antagonized. 


INDICATIONS NARCAN® (naloxone hydrochloride) is indicated for the complete or partial reversal 
of narcotic depression, including respiratory depression, induced by natural and synthetic narcot- 
ics, propoxyphene and the narcotic-antagonist analgesic pentazocine. NARCAN™ (naloxone hydro- 
chloride) is aiso indicated for the diagnosis of suspected acute opiate overdosage. 


CONTRAINDICATIONS NARCAN* {naloxone hydrochloride) is contraindicated in patients known to 
be hypersensitive to it. 


WARNINGS NARCAN® (naloxone hydrochloride) should be administered cautiously to persons 
including newborns of mothers who are known or suspected te be physically dependent on 
opioids. In such cases an abrupt and complete reversal of narcotic effects may precipitate an 
acute abstinence syndrome. 


The patient who has satisfactorily responded to NARCAN® (naloxone hydrochloride) should be 
kept under continued surveillance and repeated doses of NARCAN® (naloxone hydrochloride) 
should be administered, as necessary, since the duration of action of some narcotics may exceed 
that of NARCAN™ (naloxone hydrochloride). 


NARCAN® (naloxone hydrochloride) is not effective against respiratory depression due to non- 
opioid drugs. 

Usage in Pregnancy Safe use of NARCAN* (naloxone hydrochloride) during pregnancy (other than 
labor) has not been established. Animal reproduction studies have not demonstrated teratogenic 


‘naloxone 


or other embryotoxic effects (See ANIMAL PHARMACOLOGY AND TOXICOLOGY). However, NARCAN® 
(naloxone hydrochloride) should be administered to pregnant patients only when, in the judgment 
of the physician, the potential benefits outweigh the possible hazards. 


PRECAUTIONS in addition to NARCAN® (naloxone hydrochloride), other resuscitative measures 
such as maintenance of a free airway, artificial ventilation, cardiac massage, and vasopressor 
agents should 5e avadable and employed when necessary to counteract acute narcotic poisoning. 


in an isolated report two patients with pre-existing ventricular irritability requiring lidocaine, and 
either isoproterenol or epinephrine for hypotension following cardiopulmonary bypass procedures, 
developed ventricular tachycardia or fibrillation when given NARCAN® (naloxone hydrochloride) 
iV. at 9 and 14 hours, respectively, postoperatively for persistent unresponsiveness. Although a 
direct cause and effect relationship has not been established, NARCAN® (naloxone hydrochlorice) 
should be used with caution in patients with cardiac irritability. 


ADVERSE REACTIONS In rare instancos nausea and vomiting have been reported in postoperative 
patients receiving NARCAN® (naloxone hydrochloride) in doses higher than that recommended; a 
cause and effect relationship has not been established. 


DOSAGE AND ADMINISTRATION NARCAN * (naloxone hydrochloride) may be administered intraven- 
ously, intramuscularly. or subcutaneously. The most rapid onset of action is achieved by 
intravenous administration and it is recommended in emergency situations. 


Since the duration of action of some narcotics may exceed that of NARCAN® (naloxone hydrochio- 
ride) the patient should be kept under continued surveillance and repeated doses of NARCAN® 
(naloxone hydrochloride) should be administered, as necessary. 


USAGE IN ADULTS Narcotic Overdose—Known or Suspected The usual initial adult dose is 0.4 
mg (1 mi) NARCAN” (naloxone hydrochloride) administered LV., LM. or S.C. ff the desired degree 
cf counteraction and improvement in respiratory function is not obtained immediately, it may he 
repeated intravenously at 2 to 3 minute intervals. Failure to obtain significant improvement after 
2 or 3 doses suggests that the condition may be due partly or completely to other disease proc- 
esses of non-opioid drugs. 

Post Operative Narcotic Depression For the partial reversal of narcotic depression following the 
use of narcotics during surgery, smaller doses of NARCAN® (naloxone hydrochloride) are usually 
sufficient. The dose of NARCAN* (naloxone hydrochloride) should be titrated according to the 
patient's response. Excessive dosage of NARCAN® (naloxone hydrochloride} may result in signifi- 
cant reversal of analgesia and increase in blood pressure. Similarly, too rapid reversal may 
induce nausea, vomiting. sweating or tachycardia. 


For the initial reversal of respiratory depression, NARCAN® (naloxone hydrochloride) should be 
injected in increments of 0.1 to 0.2 mg intravenously at two to three minute intervals to the 
desired degree of reversal ie., adequate ventilation and alertness without significant pain or dis- 
comfort. 

Repeat doses of NARCAN* (naloxone hydrochloride) may be required within one to two hour inter- 
vals depending upon the amount, type (1.e., short or long acting) and time interval since last 
administration cf narcotic. Supplemental intramuscular doses have been shown to produce a 
longer lasting effect. 

USAGE IN CHILDREN Narcotic Üverdose—Known or Suspected The usual initial child dose is 
0.01 mg/kg body weight given V. LM. or S.C. This dose may be repeated in accordance with the 
adult administration guideline. H necessary, NARCAN* (naloxone hydrochloride) can be diluted — 
with sterile water for injection. l 
USAGE IN NEONATES Narcotic-induced depression The usual initial dose is 0.01 mg/kg body 
weight administered IV., LM. or S.C. This dose may be repeated in accordance with adult 
administration guidelines. 

HOW SUPPLIED 2.4 mg/ml of NARCAN* (naloxone hydrochloride) for intravenous, intramuscular 
and subcutaneous administration. 

Available in | mi ampuls in boxes of 10 and $00. 

0.02 mg/m! of NARCAN* (naloxone hydrochloride) NEONATAL INJECTION for intravenous, intra- 
muscular and subcutaneous administration. 

Availabie in 2 mi ampuls in boxes of 10 and 100 ampuls. 

ANIMAL PHARMACOLOGY AND TOXICOLOGY in the mouse and rat the intravenous LOsa is 150 5 
mg/kg and 109 +4 mg/kg respectively. In acute subcutaneous toxicity studies in newborn rats 
the LDso (95% CL) is 260 (228-296) mg/kg. Subcutaneous injection of 100 mg/kg/day in rats for 
3 weeks produced only transient salivation and partial ptosis following injections; no toxic effects 
were seen at 10 mgikg/day for 3 weeks. 

Reproductive studies including fertility, general reproductive performance, embryotoxicity, tera- 
togenicity, and lactation did not show any abnormality in mice and rats at 10 mg/kg. day. 


€ndo Laboratories, Inc. 


Subsidiary of E.I. du Pont de Nemours & Co. (Inc.) 
Garden City, N.Y. 11530 
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The best trace... 






The trace shown here is what you can expect 
each time you monitor with NDM electrodes. 


You will see a high amplitude signal with a 
narrow base line. 

And you won't have to wait long for that re- 
markably narrow base line to stabilize. Mon- 
itoring can begin as soon as you have con- 
nected the leadwires. 

Trace quality won't deteriorate during long 
procedures, or as a result of defibrillation, either. 
(Repeated 400 watt-second charges won t pola- 
rize NDM electrodes. A stable trace returns to 
your monitor within one second.) 


With their ultra-low heating characteristics, 
NDM electrodes also reduce the chance of an 
electrosurgical mishap causing RF burns at 
ECG electrode sites. 

There is an NDM electrode just right for your 
OR, including one with a special adhesive to 
resist contact loss from spilled fluids or prep 
solutions. 


in the least time. 








If you are making do with one of the thirty or 
so other electrode brands, please consider this: 
Over half of the monitoring done in the U.S. is 
done with NDM electrodes. 

A trial will convince you, and it's yours for the 
asking. Returning the coupon can be the first 
step toward reducing your electrode problems. 


Thank you 


Rm 
NEW DIMENSIONS 
IN MEDICINE 


Distributed by American Hospital Supply 


NDM Corporation, Dept. D 

3040 E. River Road 

Dayton, Ohio 45439 

[ ] Please have a representative contact me. 

LJ Send information about NDM electrode systems. 























Name: - Title 
Hospital: E Dept.: 
Address: 

City: State: Zip: 
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Before the procedure 


Onset of actio 
in] to 3 minute 






After ine procedure 
Diminished recall 





Preoperative relief with postoperative benefits 


J Predictable course of action—onset within D A proven record of safety and performance. 
minutes, release within hours. As with most D Does not normally compromise cardiac or 
CNS-acting drugs, outpatients should be respiratory function. Resuscitative equipment 
cautioned against engaging in hazardous should be readily available. 


occupations requiring complete mental 
alertness, e.g., operating machinery or 
driving. 

D Calm relaxed patient, better prepared for 
the procedure. 
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diazeoam/Roche ( 


A pattern of action 
that meets your needs 


Please see summary of product information on next paae. 


D Use with care in elderly, very ill and 
patients with limited pulmonary reserve (see 
Warnings section on following page). 


O Narcotic dosage can and should be reduced. 








New/ Improved 


Tel-E-Ject 


10-mg Disposable 
fits, (5r mg/ml) 


scale on both sides 
of barrel eases 
visibility during 
administration 





Please consult complete 
product information, a summary 
of which follows: 


Contraindications: Hypersensitivity. 
acute narrow angle glaucoma, may be 
used in patients with open angle glau- 
coma receiving appropriate therapy 
Warnings: 7o reduce the possibility of 
venous thrombosis, phlebitis, local irri- 
tation, swelling, and, rarely, vascular 
impairment when used I.V.: inject 
Slowly, taking at least one minute for 
each 5 mg (1 ml) given; do not use 
small veins, i.e., dorsum of hand or 
wrist; use extreme care to avoid intra- 
arterial administration or extravasation 
Do not mix or dilute Valium (diazepam! 
Roche) with other solutions or drugs in 
syringe or infusion flask. If it is not 
feasible to administer Valium directly 
I.V.. it may be injected slowly through 
the infusion tubing as close as pos- 
sible to the vein insertion 

Administer with extreme care to elderly, 
very ill, those with limited pulmonary 
reserve because of possibility of apnea 
and/or cardiac arrest; concomitant use 
of barbiturates, alcohol or other CNS 
depressants increases depression with 
increased risk of apnea; have resusci- 
tative facilities available. When used 
with narcotic analgesic, eliminate or 
reduce narcotic dosage at least 7^, 
administer in small increments. Should 
not be administered to patients in 
shock, coma, acute alcoholic intoxica- 
tion with depression of vital signs. As 
with most CNS-acting drugs. caution 
against hazardous occupations requir- 
ing complete mental alertness (e.g., 
VALIUM operating machinery, driving) 

Has precipitated tonic status epilep- 
ticus in patients treated for petit mal 
status or petit mal variant status 
Withdrawal symptoms similar to those 
with barbiturates and alcohol have 
been observed with abrupt discon- 
tinuation after long use of excessive 
doses. Infrequently, milder withdrawal 
symptoms have been reported follow- 
ing abrupt discontinuation of benzo- 
diazepines after long. continuous use 
at high therapeutic levels. After ex- 





Injectable 


Valium LV. DE 


diazepam/Roche miner angular during 
first trimester should almost 

always be avoided because 

of increased risk of congeni- 





10-ml vials tal malformations, as sug- 
2-ml ampuls | 3 mg/m mendi e ree 


nancy when instituting 

therapy; advise patients to 

discuss therapy if they intend 

to or do b@come pregnant. 
Not recommended for OB use 








tended therapy, gradually taper dosage. 


Efficacy/safety not established in neo- 
nates (age 30 days or less). prolonged 
CNS depression observed. In children 
give slowly (up to 0.25 mg/kg over 3 
minutes) to avoid apnea or prolonged 
somnolence; can be repeated after 15 
to 30 minutes. If no relief after third 
administration, appropriate adjunctive 
therapy is recommended 
Precautions: Although promptly con- 
trolled, seizures may return; re-admin- 
ister if necessary; not recommended 
for long-term maintenance therapy. 

If combined with other psychotropics 
or anticonvulsants. carefully consider 
individual pharmacologic effects—par- 
ticularly with Known compounds which 
may potentiate action of Valium 
(diazepam/Roche), i.e., phenothia- 
zines, narcotics, barbiturates, MAO in- 
hibitors, antidepressants. Protective 
measures indicated in highly anxious 
patients with accompanying depres- 
sion who may have suicidal tenden- 
cies. Observe usual precautions in 
impaired hepatic function; avoid ac- 
cumulation in patients with compro- 
mised kidney function. Laryngospasm/ 
increased cough reflex are possible 
during perora! endoscopic proce- 
dures; use topical anesthetic, have 
necessary countermeasures available. 
Hypotension or muscular weakness 
possible, particularly when used with 
narcotics, barbiturates or alcohol. Use 
lower doses (2 to 5 mg) for elderly/ 
debilitated 

Adverse Reactions: Drowsiness, fa- 
tigue, ataxia, venous thrombosis/ 
phlebitis at injection site, confusion, 
depression, dysarthria, headache, hy- 
poactivity, slurred speech, syncope, 
tremor, vertigo, constipation, nausea, 
incontinence, changes in libido, uri- 
nary retention, bradycardia, car- 
diovascular collapse, hypotension, 
blurred vision, diplopia, nystagmus, 
urticaria, skin rash, hiccups, changes 
in salivation, neutropenia, jaundice 
Paradoxical reactions such as acute 
hyperexcited states, anxiety, hallucina- 
tions, increased muscle spasticity, 
insomnia, rage, sleep disturbances, 
Stimulation have been reported: should 
these occur, discontinue drug. Cough, 
depressed respiration, dyspnea, hy- 
perventilation, laryngospasm/pain in 
throat and chest have been reported in 
peroral endoscopic procedures. Iso- 
lated reports of neutropenia, jaundice; 
periodic blood counts, liver function 
tests advisable during long-term 


etherapy. Minor EEG changes, usually 


low-voltage fast activity, of no Known 
Significance. 

Management of Overdosage: Man- 
ifestations include somnolence, con- 
fusion, coma, diminished reflexes 
Monitor respiration, pulse, blood pres- 
sure; employ general supportive 
measures, |.V. fluids, adequate airway 
Hypotension may be combated by the 
use of levartereno! or metaraminol. 
Dialysis is of limited value 

Supplied: Ampuls, 2 ml, boxes of 10; 
Vials, 10 ml, boxes of 1; Tel-E-Ject* 
(disposable syringes), 2 ml, boxes of 
10. Each ml contains 5 mg diazepam 
compounded with 4096 propylene 
glycol, 1096 ethyl alcohol, 596 sodium 
benzoate and benzoic acid as 
buffers, and 1.596 benzyl alcohol as 
preservative 


ROCHE LABORATORIES 
Division of Hoffmann-La Roche Inc 
^ Nutley, New Jersey 07110 
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North American Drager is continually 
keeping in touch with the growing needs of 
the anesthesia profession. We are 
constantly improving our products for 
patient safety, our prime engineering and 
design criterion. These new products join 
the ever growing range of North American 
Drager Products of Anesthesia. 
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NARKOMED 2 ANESTHESIA SYSTEM 


The newest member of the North American Drager family of 
Anesthesia Systems. 

A complete anesthesia system consisting of an anesthesia 
dispensing system, ventilation system, patient monitoring 
system and a unique patient safety alarm system. 


NORTH AMERICAN DRAGER 
1488 QUARRY ROAD * TELFORD, PENNSYLVANIA 18969 
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NORTH AMERICAN DRAGER 


DPM 2 
(DRAGER PRESSURE MONITOR Il) 


Our second generation of pressure 
monitors. 

Four pressure monitors—minimum 
ventilation pressure, continuing 
pressure, high pressure and sub 
atmosphere pressure. 


VAPORIZER 
EXCLUSION 
SYSTEM 


A unique lock out 

system for insuring 
that only one vaporizer 
can be switched on at a time. 





‘PP Ste PHILLIPS 
P " LARYNGOSCOPE 


res BLADE 
Combines the features of the Miller Blade 


and the Jackson-Eversole Blade. Now in 
Two Sizes—Adult and Pediatric. 


NORTH AMERICAN DRAGER 


148B QUARRY ROAD * TELFORD, PENNSYLVANIA 18969 


LJ Please send Anesthesia Accessories catalog 
LJ Please have N.A.D. representative call 


n Please include information on Anesthesia 
Machines 


NAME 
DEPARTMENT 
HOSPITAL 
ADDRESS 
CITY or oiii ee ree 
TELEPHONE 











uVERY TWu SECONDS 
FLUOTHANE IS 


(halothane, U.S.P) 





TUE 





Over 500 million administrations throughout the world. 
Well over 125 million administrations in the 
United States alone. 





Somswhere in the world—every two seconds— someone makes another decision 
to use FLUOTHANE® (halothane, U.S.P.). And for good reasons: 


4 FLUOTHANE has been more widely investigated than any other 
inhalation anesthetic. 7 















4 The FLUOTHANE experience shows association with hepatotoxicity 
to be extremely rare! According to conclusions drawn from the 
United States National Halothane Study and other studies," unex- 
plained jaundice following anesthesia with halothane ...wasa rare 
occurrence (approximately 1:30,000 administrations) and. . .the over- 
all safety record of the anesthetic was excellent."? 











D FLUOTHANE *. .is nearest to the ideal [inhalation anesthetic] pres- 
ently available for children of all ages. "3 





4 FLUOTHANE has been recommended as the “anesthetic of choice™ 
for asthmatics. 


o And, of particular benefit in geriatrics and cardiovascular surgery: 


Excessive respiratory depression is rarely a problem with 
FLUOTHANE. Nor does it produce an increase in salivary or 


bronchial secretions. 











* A comprehensive retrospective analysis covering 856,000 general anesthesias— nearly one-third 
using FLUOTHANE. Bunker, J.P. et al.: The National Halothane Study. Washington, D.C., 
Government Printing Office, 1969. 


References: 
1. Bunker, J.P, et al.: The National Halothane Study. See following page for Brief Summary. 


Washington, D.C., Government Printing Office, 
1969. 

2. Brown, B.R., Sipes, LG.: Biochem. Pharmacol. 
26:2091-2094, 1977. 


3. Steward, D.].: Anesthesiology 43:268-276 (Aug.) 
1975. Ay rerst. Ayerst Laboratories 


4. Proceedings, Virginia Society of Anesthesiologists, 
April 20-22, 1979, Richmond, VA. New York, N.Y. 10017 


the most widely used inhalation 
anesthetic in the world 


FLUOTHANE 
(halothane, U.S.P) 





for a wide variety ot 
techniques and procedures in patients of all ages 


(Complete text of package circular.) 
Description. FLUOTHANE, brand of halo- 
thane, U.S.P, is an inhalation anesthetic. 
It is 2-bromo-2-chloro-1, 1, 1-trifluoro- 
ethane and has the following structural 
formula: Br 


F 








C—cC Cl 


#, 
Pr H 


The specific gravity is 1.872-1.877 at 
20° C, and the boiling point (range) is 49° 
C-51° C at 760 mm Hg. The vapor pres- 
sure is 243 mm Hg at 20° C. The blood/ 
gas coefficient is 2.5 at 37? C, and the 
olive oil/water coefficient is 220 at 37* C. 
Vapor concentrations within anesthetic 
range are nonirritating and have a pleas- 
ant odor. FLUOTHANE is nonflammable, 
and its vapors mixed with oxygen in pro- 
portions from 0.5 to 50 per cent (v/v) are 
not explosive. 

FLUOTHANE does not decompose in 
contact with warm soda lime. When mois- 
ture is present, the vapor attacks alumi- 
num, brass, and lead, but not copper. 
Rubber, some plastics, and similar mate- 
rials are soluble in FLUOTHANE; such ma- 
terials will deteriorate rapidly in contact 
with FLUOTHANE vapor or liquid. Stability 
of FLUOTHANE is maintained by the addi- 
tion of 0.01 per cent thymol (w/w), and 
storage is in amber colored bottles. 

FLUOTHANE should not be kept indef- 
initely in vaporizer bottles not specifically 
designed for its use. Thymol does not vol- 
atilize along with FLUOTHANE, and there- 
fore accumulates in the vaporizer, and 
may, in time, impart a yellow color to the 
remaining liquid or to wicks in vaporizers. 
The development of such discoloration 
may be used as an indicator that the va- 
porizer should be drained and cleaned, 
and the discolored FLUOTHANE 
(halothane, U.S.P.) discarded. Accumula- 
tion of thymol may be removed by washing 
with diethyl ether. After cleaning a wick or 
vaporizer, make certain all the diethyl 
ether has been removed before reusing 
the equipment to avoid introducing ether 
into the system. 

Actions. FLUOTHANE is an inhalation 
anesthetic. Induction and recovery are 
rapid and depth of anesthesia can be rap- 
idly altered. FLUOTHANE progressively 
depresses respiration. There may be 


tachypnea with reduced tidal volume and 
alveolar ventilation. FLUOTHANE is not an 
irritant to the respiratory tract, and no in- 
crease in salivary or bronchial secretions 
ordinarily occurs. Pharyngeal and laryn- 
geal reflexes are rapidly obtunded. It 
causes bronchodilation. Hypoxia, acido- 
sis, or apnea may develop during deep 
anesthesia. 

FLUOTHANE reduces the blood pres- 
sure, and frequently decreases the pulse 
rate. The greater the concentration of the 
drug, the more evident these changes 
become. Atropine may reverse the bra- 
dycardia. FLUOTHANE does not cause 
the release of catecholamines from 
adrenergic stores. FLUOTHANE also 
causes dilation of the vessels of the skin 
and skeletal muscles. 

Cardiac arrhythmias may occur during 
FLUOTHANE anesthesia. These include 
nodal rhythm, AV dissociation, ventricular 
extrasystoles and asystole. FLUOTHANE 
sensitizes the myocardial conduction sys- 
tem to the action of epinephrine and 
norepinephrine, and the combination may 
Cause serious Cardiac arrhythmias. 
FLUOTHANE increases cerebral spinal 
fluid pressure. FLUOTHANE produces 
moderate muscular relaxation. Muscle re- 
laxants are used as adjuncts in order to 
maintain lighter levels of anesthesia. 
FLUOTHANE augments the action of non- 
depolarizing relaxants and ganglionic 
blocking agents. FLUOTHANE is a potent 
uterine relaxant. 

Indications. FLUOTHANE (halothane, 
U.S.P) is indicated for the induction and 
maintenance of general anesthesia. 
Contraindications. FLUOTHANE is not 
recommended for obstetrical anesthesia 
except when uterine relaxation is required. 
Warnings. When previous exposure to 
FLUOTHANE was followed by unexplained 
jaundice, consideration should be given to 
the use of other agents. 

FLUOTHANE should be used in vapor- 
izers that permit a reasonable approxima- 
tion of output, and preferably of the cali- 
brated type. The vaporizer should be 
placed out of circuit in closed circuit re- 
breathing systems; otherwise overdosage 
is difficult to avoid. The patient should be 
closely observed for signs of overdosage, 
i.e., depression of blood pressure, pulse 
rate, and ventilation, particulafly during 
assisted or controlled ventilation. 





Usage in Pregnancy. Safe use of 
FLUOTHANE has not been established 
with respect to possible adverse effects 
upon fetal development. Therefore, 
FLUOTHANE should not be used in 
women where pregnancy is possible and 
particularly during early pregnancy, un- 
less, in the judgment of the physician, the 
potential benefits outweigh the unknown 
hazards to the fetus. 

Precautions. The uterine relaxation ob- 
tained with FLUOTHANE, unless carefully 
controlled, may fail to respond to ergot de- 
rivatives and oxytocic posterior pituitary 
extract. 

FLUOTHANE increases cerebrospinal 
fluid pressure. Therefore, in patients with 
markedly raised intracranial pressure, if 
FLUOTHANE is indicated, administration 
should be preceded by measures ordinari- 
ly used to reduce cerebrospinal fluid pres- 
sure. Ventilation should be carefully as- 
sessed, and it may be necessary to assist 
or control ventilation to insure adequate 
oxygenation and carbon dioxide removal. 

Epinephrine or norepinephrine should 
be employed cautiously, if at all, during 
FLUOTHANE (halothane, U.S.P) anesthe- 
sia since their simultaneous use may in- 
duce ventricular tachycardia or fibrillation. 

Nondepolarizing relaxants and gangli- 
onic blocking agents should be adminis- 
tered cautiously, since their actions are 
augmented by FLUOTHANE. 

Adverse Reactions. The following adverse 
reactions have been reported: mild, mod- 
erate and severe hepatic dysfunction 
(including hepatic necrosis), Cardiac ar- 
rest, hypotension, respiratory arrest, 
cardiac arrhythmias, hyperpyrexia, shiver- 
ing, nausea, and emesis. 

Dosage and Administration. FLUOTHANE 
may be administered by the nonrebreath- 
ing technic, partial rebreathing, or closed 
technic. The induction dose varies from 
patient to patient. The maintenance dose 
varies from 0.5 per cent to 1.5 per cent. 

FLUOTHANE may be administered with 
either oxygen or a mixture of oxygen and 
nitrous oxide. 

How Supplied. No. 3125—Unit packages 
of 125 ml and 250 ml of halothane, U.S.P. 
stabilized with 0.01% thymol (w/w). 


A t Ayerst Laboratories 7197/80 
yers *| New York, N.Y. 10017 


Provide practical learning experience in 
your training sessions with realistic 


Life/form® products from Nasco. The free 


Health Care Educational Materials Catalog 
describes exceptional selection of 


anatomical replicas and simulators. Molded 


from actual organs in lifelike vinyl, they offer 
resou rces both visual and tactile learning experiences. 
The spinal injector simulator, for example, 
— - m features a clear plastic window at the top of 
5 : | the model. It displays the L1 and L2 sections 
Un of the vertebral column, as well as other 
anatomical details. With the functional 
portion, students get the “actual feeling" for 
performing all types of spinal injections. 
Catalog includes many other simulation 
devices, models, charts and visual media for 
all areas of medical education. Send for your 
free copy today. Write Dept. RA-804. 
Free Phone Order Service 1-800-558-9595 
In Wisconsin 1-800-242-9587 


AICO 


Fort Atkinson, WI 53538 Modesto, CA 95352 





LA.R.S. 1980 
REVIEW COURSE LECTURES 


AND 
ABSTRACTS OF SCIENTIFIC PAPERS 


200-page booklet including 16 Review Course Lectures and Abstracts of 62 scientific papers 
given at the IARS 54th Congress, March 10-13, 1980. Copies available now from IARS Cleveland 
o-fice - $5.00 per copy. 


[. A.R.S. 
3645 Warrensville Center Rd. 
Cleveland, Ohio 44122 


Enclosed is check for $ for copy(ies) of “1980 Review Course Lectures" to be sent to: 
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An esthesia and Anal gesia 
BACK ISSUES AVAILABLE 


oe "tthe A o | Available at $3.00 per issue E 
o Vol. Year — -Numbers Available | Vol. Year — | “Numbers Available 











5 6 41 1962 - 2 cg 4 5 6 
5 6 42 1963 - o8 74 E 6 
5 6 43 1964 1 - 3 4 5 6 
- 6 44 1965 - 2 3 4 5 6 
5 6 45 1966 - 2 3 4 5 6 
- 6 46 1967 - 2 3 4 5 6 
5 6 47 1968 - 2 3 4 5 6 
5 6 48 1969 1 2 3 4 5 - 


7 _Numbers Available 


Available at $5.50 per issue 






Numbers Available 


4878.1 .2 d ^4 $ $ 
1980 1 


SINGLE ISSUES PRIOR TO 1954: Write to publisher at address below for listing of issues available at $2.0 00 each. 

BOUND VOLUMES. AVAILABLE: $8.00—For Years 1947, 1948, 1949; $10.00—For Years 1953, 1955 
: PUBLICATIONS. AVAILABLE: 

Jasic and Clinical Physiology of the Liver" (Supplement to Sept.-Oct. 1965 issue) — $3.00. 

-Year (1960-1969) Cumulative Index— $3.00. 

-Year (1970-1 979) Cumulative Index— $3.00. 

9 (53rd Congress) Review Course Lectures— $5.00. 

80 (54th. Congress) Review Course Lectures & Abstracts— $5.00. 
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Eu Please send bill with understanding that ordered material will be sent when payment is received. 
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General Anesthesia. H. J. Schlesinger et al., 


: Effects of Psychological Intervention on Re- 


covery from Surgery. C. J. Getto, Preopera- 
tive Depression. M. P. Weissberg, Suicide and 
Surgery. J. L. Fleming, Nonpharmacological 


. Methods for Dealing with Preoperative Anxie- 
. ty: The Uses of Supportive Conversation. T. 


L. Thompson Il, Psychological Aspects of 
Open Heart Surgery. J. A. Boswick, Jr., Psy- 
chological Considerations in Burn Patients. /. 
Penn and S. L. Dubovsky, Psychiatric Consid- 
erations in Transplant Surgery. J. A. Aldrete, 


. Psychological and Ethical Issues in Anesthesia 


for Transplant Surgery. F. Guerra and L. Usu- 
biaga, Anesthetizing the Patient on Psycho- 
active Medication. P. Wexler, Psychological 









Mangement of the Parturient and the Neo- 


nate. C. H. Lockhart, Practical Considera- |. 
tions in the Preoperative Psychological Prep- — |. 
aration of the Pediatric Patient. D. J. Steward, | - 
Psychological Considerations in the Pediatric a | 
Patient. H. P. Coppolillo, Management of the... 
Child in the Perioperative Period. J. G. Model l 
and F. Guerra, Psychological Problems in the — 


Surgical Patient. L. Miller, Psychological As- 


sessment of the Intensive Care Patient. L. 
Miller and G. R. Haun, Stress and the Inten- 


sive Care Nurse, R. L. Steig, Chronic Pain. 
K. M. Wood, The Chronic Pain Patient——A 


Personal Perspective. F. Guerra, Death and 


the Anesthesiologist. V. M. T. Garner, Specific 


Ethno-Cultural Considerations in the Peri». 


operative Period. Index. 


1980, 266 pp.. $23.50 ISBN: 0-8089-1195-3 


Cardiac Anesthesia 


Edited by JOEL A. KAPLAN, M.D. 


“Many cardiac anesthetists will find after read- 
ing this book that their standards of monitor- 
ing and care do not begin to approach the ex- 
cellence of the Emory program. This book will 
set a standard of good practice for all of us to 
strive toward. . . . The book is a good, com- 
plete coverage of the topic and the Emory 
group is to be congratulated for the quality of 
their writing. The book is well referenced with 
clear illustrations. —J. Kent Garman, M.D., 
ANESTHESIA AND ANALGESIA 

CONTENTS: J. W. Hurst et al., Foreword. 
PHARMACOLOGY AND MONITORING. 
C. C. Hug, Jr., Pharmacology—Anesthetic 
Drugs. C. C. Hug, Jr. and J. A. Kaplan, Phar- 
macology— Cardiac Drugs. J. A. Kaplan, He- 
modynamic Monitoring. J. A. Kaplan, Elec- 
trocardiographic Monitoring. DISEASE EN- 
TITIES AND ANESTHESIA. L. M. Abrams 


1979, 544 pp., lilus., $44.75 


and D. A. Chambers, Preoperative Manage- F ip 


ment of the Cardiac Surgical Patient. D. A. 
Chambers, Anesthesia for the Patient with Ac- 
quired Valvular Heart Disease. J. L. Waller et 


al., Anesthesia for Coronary Revascularization. _ 
J. W. Bland and W. H. Williams, Anesthesia 


for Treatment of Congenital Heart Defects. J. 
R. Zaidan, Pacemakers. R. W. Dunbar, Tho- 


racic Aneurysms. J. A. Kaplan and R. W, 
Dunbar, Anesthesia for Noncardiac Surgery in 


Patients with Cardiac Disease. SUPPORT OF 
THE CIRCULATION. D. C. Finlayson and 
J. A. Kaplan, Cardiopulmonary Bypass. J. A. 


Kaplan and J. M. Craver, Assisted Circula- 


tion. POSTOPERATIVE CARE OF THE 


PATIENT. D. C. Finlayson, Postoperative In- __ 
tensive Care. J. A. Kaplan, Pericardial Dis- —— — 
eases. J. T. Bonner, Cardiopulmonary Resus- | 


citation. Index. 
ISBN: 6-8089-1125-2 


GRUNE & STRATTON 


P A Subsidiury of Harcourt Brace Jovanovich, Publishers 
111 FIFTH AVENUE, NEW YORK, N.Y. 10003 
24-28 OVAL ROAD, LONDON NWI 7DX 


Please send me the following: 
___ copies, Guerra: Emotional and Psychological Re- 
sponses to Anesthesia and Surgery, $23.50 


copies, Kaplan: Cardiac Anesthesia, $44.75 


Please check one box: 

[] Payment enclosed (Free postage and handling. 
Add applicable sales tax) 

[i Visa [3 Master Charge* 

[1 Diner's Club 

Charge Card Nui cierra eo IF run nic 

Expiration Date: Month... bi | ed ; 


“For Master Charge include the numbers that ap- 


Cj American Express 


d 20 pear above your name e 


Your $SigBatU, oe ets 


On prepaid orders, payment will be refunded for 
titles on which shipment is not possible within 120 
days. Prices are in U.S. dollars and subject to change 
without notice. 


(please print) 
APPEILIATION. eic et testi ate 
ADDRESS o ssa tds eine eae eens ah 


CITYZSEATE ZIP s s s en usate ct 

[; Please check if you are a Grune & Stratton or 
Academic Press Author. 

Direct al! orders to Georgia Phillips, Media Dept. 


Anes Ana /6/80 2 : 


: motional and Psycholo gic al Respe 0 acae | 
to Anesthesia and Surgery 


5 Edited by FRANK GUERRA, M.D. and J. ANTONIO ALDRETE, M.D. 
CONTENTS: F. Guerra, Awareness Under 


















Il arcaine hydrochloride 


brand o 


bupivacaine hydrochloride 


with or without epinephrine 1 200, O00 





Indications: Peripheral nerve block, infiltration, sym- 
pathetic block, caudal, or epidural block. 


Contraindication: Marcaine is contraindicated in 
patients with known hypersensitivity to it. 


Warnings: RESUSCITATIVE EQUIPMENT AND 
DRUGS SHOULD BE READILY AVAILABLE WHEN 
ANY LOCAL ANESTHETIC IS USED. 


Usage in Pregnancy. Reproduction studies have been 
performed in rats and rabbits and there is no evidence 
of harm to the animal fetus, The relevance to the 
human is not known. Safe use in pregnant women 
other than those in labor has not been established. 


Until further clinical experience is gained, paracervical 
block with Marcaine is not recommended. Fetal brady- 
cardia frequently follows paracervical block with some 
amide-type local anesthetics and may be associated 
with fetal acidosis. Added risk appears to be present 
in prematurity, toxemía of pregnancy, and fetal distress. 


The obstetrician is warned that severe persistent hy- 
pertension may occur after administration of certain 
oxytocic drugs, if vasopressors have already been 
used during labor (e.g., in the local anesthetic solution 
or to correct hypotension). 


Solutions containing a vasoconstrictor, particularly 
epinephrine or norepinephrine, should be used with 
extreme caution in patients receiving monoamine oxi- 
dase {MAO} inhibitors or antidepressants of the 
triptyline or imipramine types, because severe, pro- 
longed hypertension may result. 


Local anesthetics which contain preservatives, ie, 
those supplied in multiple dose vials, should not be 
used for caudal or epidural anesthesia. 


Until further experience is gained in children younger 
than 12 years, administration of Marcaine in this age 
group is not recommended. 


Precautions: The safety and effectiveness of local 
anesthetics depend upon proper dosage, correct tech- 
nique, adequate precautions, and readiness for 
emergencies. 


The lowest dosage that gives effective anesthesia 
should be used in order to avoid high plasma levels 
and serious systemic side effects. Injection of re- 
peated doses of Marcaine may cause significant in- 
crease in blood levels with each additional dose, due 
to accumulation of the drug or its metabolites or due 
to slow metabolic degradation. Tolerance varies with 
the status of the patient. Debilitated, elderly patients 
and acutely ili patients should be given reduced doses 
commensurate with age and physical condition. 


Solutions containing a vasoconstrictor should be used 
cautiously in areas with limited blood supply, in the 
presence of diseases that may adversely affect the 
patient's cardiovascular system, or in patients with 
peripheral vascular disease. 


Marcaine should be used cautiously in persons with 
known drug allergies or sensitivities, particularly to 
the amide-type local anesthetics. 


Serious dose-related cardiac arrhythmias may occur 
if preparations containing a vasoconstrictor such as 
epinephrine are employed in patients during or follow- 
ing the administration of chloroform, halothane, cyclo- 
propane, trichloroethylene, or other related agents. In 














| See bel belo W Jor upora producti information concerning warnings, adverse reactions, patient selection and Drestribing a and precautionary recommendations. 






deciding whether to use these products concurrently 
inthe same patient, the combined action of both agents 
upon the myocardium, the concentration and volume 
of vasoconstrictor used, and the time since injection, 
when applicable, should be taken into account. 


Caution is advised in administration of repeat doses 
of Marcaine to patients with severe liver disease. 


Adverse Reactions: Reactions to Marcaine are char- 
acteristic of those associated with other amide-type 
local anesthetics. A major cause of adverse reactions 
to this group of drugs is excessive plasma levels, 
which may be due to overdosage. inadvertent intra- 
vascular injection, or slow metabolic degradation. 


Excessive plasma levels of the amide-type local anes- 
thetics cause systemic reactions involving the central 
nervous system and the cardiovascular system. The 
central nervous system effects are characterized by 
excitation or depression. The first manifestation may 
be nervousness, dizziness, blurred vision, or tremors, 
followed by drowsiness, convulsions, unconscious- 
ness, and possibly respiratory arrest. Since excitement 
may be transient or absent, the first manifestation may 
be drowsiness, sometimes merging into unconscious- 
ness and respiratory arrest. Other central nervous 
system effects may be nausea, vomiting, chills, con- 
striction of the pupils, or tinnitus. The cardiovascular 
manifestations of excessive plasma levels may include 
depression of the myocardium, blood pressure 
changes {usually hypotension), and cardiac arrest. In 
obstetrics, cases of fetal bradycardia have occurred 
(see Warnings). 


Allergic reactions, which may be due to hypersensi- 
tivity, idiosyncrasy, or diminished tolerance, are char- 
acterized by cutaneous lesions (e.g., urticaria), edema, 
and other manifestations of allergy. Detection of sen- 
sitivity by skin testing is of doubtful value. 


Reactions following epidural or caudal anesthesia 
also may include: high or total spinal block; urinary 
retention; fecal incontinence; loss of perineal sen- 
sation and sexual function; persistent analgesia, 
paresthesia, and paralysis of the lower extremities; 
headache and backache; and slowing of labor and 
increased incidence of forceps delivery. 


Treatment of Heactions. Toxic effects of local anes- 
thetics require symptomatic treatment; there is no 
specific cure. The physician should be prepared to 
maintain an airway and to support ventilation with 
Oxygen and assisted or controlled respiration as re- 
quired. Supportive treatment of the cardiovascular 
system includes intravenous fluids and, when appro- 
priate, vasopressors (preferably those that stimulate 
the myocardium). Convulsions may be controlled with 
oxygen and intravenous administration, in small incre- 
ments, of a barbiturate, as follows: preferably, an 
ultrashort-acting barbiturate such as thiopental or thi- 
amylal; if this is not available, a short-acting barbiturate 
{e.g.,secobarbital or pentobarbital) or diazepam. Intra- 
venous barbiturates or anticonvulsant agents should 
only be administered by those familiar with their use. 


References: 

1. Ostheimer GW: Obstetrics and local anesthetics: Impli- 
cations for the fetus and newborn. Anesthesiology 
Review 4:17-23, June 1977. 


2.Scanion JW: Obstetric anesthesia as a neonatal risk 
factor in normal labor and delivery. Clinics in Perina- 
tology 1:465-4B82, 1974. 

3. Scanlon JW, Ostheimer GW. Brown WU. et ak Neuro- 
behavioral responses and drug concentrations in new- 
borns after maternal epidural anesthesia with bupiva- 
caine. Anesthesiology 45:400-405, 1976. 
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90 Park Avenue, New York, N Y. 10016 


FORMULA 















PRODUCT IDENTIFICATION MULTIPLE DOSE VIAL SINGLE DOSE AMPUL 
Marcaine HCI Epinephrine* | Methyl- Sodium Thio- Ascorbic 60% Edetate | Sodium — Thio- Ascorbic 6096 Edetate 
(brand of (as hitartrate) | paraben Bisulfite — glycerol Acid Sodium Calcium | Bisulfite glycerol Acid Sodium Calcium 
bupivacaine HCI) Lactate Disodium Lactate Disodium 
% mg./ml. Dilution mg/ml. mg/mi  mi/mi mg/ml  mi/mi. mg./mi] mg/m  mi/ml mg/ml —X—mi/mi. mg./mi. 
025 25 ~ — — -= — — — — 
0.25 25 1:200,000 2 0017 5 001 2 0017 01 
0.5 5.0 -— = — ~ E ~~ ~ m 
0.5 5.0 1:200.000 2 0017 5 001 2 0017 01 
0.75 15 ~~ -— — -— — -— 
07S 15 1:200,000 Not Available in Vials . 5 001 2 0017 0.1 





Note: The pH of these solutions is adjusted with sodium hydroxide or hydrochloric acid. Sodium chloride has been added to make each solution isotonic. 


*Solutions of Marcaine. that t contain 





ine hrine should not be autoclaved. Federal law prohibits dispensing without a prescription. E TRE og 











More protection 
for the newborn 


A drug of choice for epidural 
anesthesia that results in 


| decreased placental transfer’ 


- fewer neurobehavioral changes 
than lidocaine or mepivacaine? 


Mercaine hydrochloride 


brand of 


bupivacaine hydrochloride 


with or without epinephrine 1:200,000 
See adjacent page for prescribing information. Not recommended for paracervical block 
Model © by Hubbard Scientific Co. Northbrook, II! 





INTERNATIONAL ANESTHESIA RESEARCH SOCIETY 
55th CONGRESS to be held MARCH 8-12, 1981 
PEACHTREE PLAZA HOTEL, ATLANTA, GEORGIA 





- 


If you would like to submit a paper for consideration by the Program Committee, please note the deadline for 
submitting title and 300-word abstract is August 22, 1980. 


For official application form, please write or call: 
E. Paul Didier, M.D., Chairman 
Program Committee for 55th Congress 
c/o Department of Anesthesiology 
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EDITORIAL 


Prolonged Sensory/Motor Deficits 
following Inadvertent Spinal 


Anesthesia 


HE REPORTS in the present issue by Ravindran 

et al' and by Reisner et al? are representative 
of several cases that have recently occurred in which 
relatively large volumes of 2% or 3% chloroprocaine 
intended for extradural injection were inadvertently 
injected intrathecally with resulting "total" spinal an- 
esthesa and, most important, severe sensory and 
motor deficits lasting as long as several weeks. A 
conference was organized by Pennwalt Pharmaceuti- 
cal Division, Pennwalt Corporation, Rochester, NY, 
the manufacturer of chloroprocaine (Nesacaine), to 
review and discuss the possible etiology of this phe- 
nomenon. The consultants were unanimous in their 
opinion that injection of large volumes of chloropro- 
caine with its low pH (Table) has been the one 
common factor in all the cases. Since the buffering 
capacity of the cerebrospinal fluid is poor, the inad- 
vertent injection of a large volume of an acid solution 
may have caused acidification of the CSF, which in 
turn resulted in prolonged sensory/motor deficits. 
Acidity of the local anesthetic solution (Table) may 
also have played a role in the reported prolonged 
muscular impairment following the use of lidocaine- 
epinephrine? or bupivacaine-epinephrine.* The pos- 
sibility that the acid local anesthetic solution causes 
severe vasoconstriction in the subarachnoid space, 
leading to a "spinal artery’«type syndrome, was con- 
sidered, but no experimental evidence is available in 
this regard. 

The administration of small volumes (1 to 3 ml) of 
chloroprocaine into the subarachnoid space of dogs 
and man has, to our knowledge, not been associated 
with any prolonged neurologic deficits. However, the 
conference recommended that additional animal stud- 
ies should be conducted to determine the effect of 
acidic solutions injected into the subarachnoid space. 


Reprint requests to Dr. Covino. 


Recent y, inadvertent intrathecal injection of full 
anesthetizing doses of chloroprocaine also occurred 
in two obstetric units within the greater New York 
Metropoitan area. In both instances, however CSF 
was proraptly drained out of the catheter and neither 
patient had prolonged sequelae. The readiness of the 
anesthes-ologists involved to remove CSF may be 
related tc Louis Orkin's vivid description of how the 
late Raphael Robertazzi saved a grave situation. In- 
formed tnat a potentially fatal dose of more than 1 g 
of procaine had been injected as a spinal anesthetic, 
he rapid yy inserted a large bore needle into the pa- 
tient's ci terna magna, had another needle placed in 
the lumbar area, and irrigated repeatedly with normal 
saline in a caudad direction. The patient made an 
unevent£ il recovery. 

Based on the discussion at the conference, the 
following steps for prevention and treatment are rec- 
ommend: 

1. Careful testing to rule out inadvertent intrathecal 
(or intra ascular) placement of the “extradural” cath- 
eter; the test-dose must be of adequate magnitude 
(e.g, 4 t» 5 ml of 2% chloroprocaine or 3 ml of 3% 
chloroprocaine) and the time allotted before subse- 


TABLE 


pH of Local Anesthetic Drugs as Determined in 
Anesthesiology Laboratory of Columbia University 


Drug pH 

Bupivacait e 0.5% plain 4.975 
Bupivacair e 0.5% with epinephrine 3.781 
Chloroprozaine 2% CE 3.167 
Chloroprozaine 3% CE 3.126 
Lidocaine 196 plain 6.137 
Lidocaine 196 with epinephrine 3.869 
Lidocaine 296 plain 6.128 
Lidocaine 296 with epinephrine 4.057 

7. Prilocaine 2% plain 6.378 
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quent injection must be of sufficient duration (3 to 4 
minutes) to permit symptoms of spinal anesthesia (or 
CNS irritability) to develop. To facilitate recognition 
and report of subtle symptoms of intrathecal (or 
intravascular) injection, the patient should not be 
heavily sedated. 

2. Injection of a large, single therapeutic dose 
through a catheter should be avoided; instead, re- 
peated fractional doses are advocated. 

3. Should an inadvertent dural puncture precede 
correct placement of the extradural catheter, local 
anesthetic solutions with a higher pH should be se- 
lected. 

4. In case a full anesthetizing dose of a highly acid 
local anesthetic solution has been injected intrathe- 
cally, CSF should be withdrawn as soon as possible; 
it is best to remove most of the anesthetic solution. In 
any case, at least 10 ml should be aspirated. If the 
injected volume was very large, irrigation with phys- 
iologic saline (without preservative and without glu- 
cose) may be beneficial. However, for treatment to be 
effective, it must be undertaken within the first 15 to 
20 minutes. 

An unsigned editorial in Anesthesiology (11:253- 
254, 1950), devoted to the "growing pains of spinal 
anesthesia," concluded with a statement which is 
equally pertinent to the present situation: “In the final 
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analysis, it is not the drug that is important, but what 
is done with it." 
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Deaths from Local Anesthetic- 
Induced Convulsions in Mice 
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DE JONG, R. H., AND BONIN, J. D.: Deaths from local anesthetic-induced convulsions in mice. 


Anesth Analg 59: 401-405, 1980. 


Median convulsant (CDso) and median lethal (LDao) doses of three representative local anes- 
thetics were determined in adult mice to evaluate the threat to life of local anesthetic-induced 
convulsions. The CDso and LDso, respectively, were 57.7 and 58.7 mg/kg for bupivacaine, 
111.0 end 133.1 mg/kg for lidocaine, and 243.4 and 266.5 mg/kg for chloroprocaine. When 
' given intraperitoneally, bupivacaine thus was only about twice as toxic as lidocaine and four 
times as toxic as chloroprocaine. Convulsions always preceded death, except after precipi- 
tous cardiopulmonary arrest from extreme doses. A CDso dose of local anesthetic (causing 
convulsions in 50% of mice) was fatal in 9096 of bupivacaine-induced seizures, in 57% of the 
chloroprocaine group, and in 696 of the lidocaine group. The narrow gap between convulsant 
and lethal doses of local anesthetics indicates that untreated convulsions present much more 


of a threat to life than heretofore appreciated. 


Key Words: ANESTHETICS, Local: lidocaine; ANESTHETICS, Local: bupivacaine; ANESTHETICS, Local: chloro- 


procaine; TOXICITY: local anesthetic. 


HEN comparing the toxicity of drugs with 
similar action, the median lethal dose (LDs0) 
is the usual yardstick. Counting the number of ani- 
mals that die within a preselected number of hours is 
straightforward, and the LDso derived therefrom pro- 
vides a ready guide to setting upper limits for the 
drug’s use in man. Adherence to these bounds has 
made ceath attributable to local anesthetic overdosage 
a rare event. ; 
Nevertheless, toxic reactions to local anesthetics 
still occur when used in the upper dose ranges. One 
of the most severe of these systemic toxic responses 
is a generalized convulsion. Although immediate 
treatment usually leads to full recovery, convulsions 
are by no means harmless, ànd the threat of potential 
disaster is always there. How great is that threat? 
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Lacking a homogeneous and consistent data base 
for interagent comparisons, we evaluated the threat 
to life from local anesthetic-induced convulsions, and 
compared the lethality of convulsions induced by 
three commonly used local anesthetics. We used 
healthy adult white mice of the same strain, age, and 
sex; bracketed the median with four or five doses in 
groups of 10 mice each; and processed the data with 
a logistic curve-fitting technique that avoids end-value 
approximations. 

We found a surprisingly narrow gap between the 
median convulsant and median lethal doses of these 
three local anesthetics: i.e., untreated convulsions 
present much more of a threat to life than is com- 
monly recognized. We also found the toxicity of 
bupivacaine (relative to lidocaine) to be considerably 
less than heretofore estimated in mice. 


Methods 


Adult (8 to 10 weeks old) outbred virgin female 
white Charles River mice were housed five to a cage, 
and away from males, to suppress estrus.’ Ten mice 
at a time, each weighing approximately 30 g, were 
given a local anesthetic solution intraperitoneally and 
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then placed in warmed cages for individual observa- 
tion; animals were used once only. The 218 mice were 
given injections between 9 and 11 a.m. to minimize 
circadian variations in the convulsant threshold.? We 
recorded time of onset of ataxia, aimless running 
motions, arching of tail and neck, convulsions (graded 
+, ++, or +++ according to severity), color of skin 
and mucous membranes, respiratory distress, and 
time of recovery or death. 

We chose a short-acting amide anesthetic (lido- 
caine), a long-acting amide agent (bupivacaine), and 
a brief-acting representative of the ester-class of drugs 
(chloroprocaine). Local anesthetics were donated by 
the respective manufacturer, supplied in sterile vials 
as the hydrochloride salt dissolved in saline. In keep- 
ing with the logarithmic nature of the dose-response 
curve, doses (in mg/kg) were increased or decreased 
in geometric proportion so as to bracket the median 
value with four or five points for each drug. Noncon- 
tributing duplicate end-values of 0% or 100% re- 
sponses were discarded. 

Observations on 139 mice fitting the above criteria 
were analyzed with an iterative curve-fitting tech- 
nique that fits data points individually to a logistic 
curve, rather than as members of a collective group— 
thereby avoiding the pitfalls of transforming and 
weighting, and of approximating end-values at the 096 
or 100% level.*4 Tke median convulsant dose (CDso) 
and median lethal dose (LDso) plus their standard 
errors were computed separately, as were the corre- 
sponding logit-transformed dose-response equations. 
(Recall that the median dose of a drug causes 5096 of 
subjects to respond, and 5096 not to respond.) 


Results 


Soon after injection the animal's righting reflex 
began to fade, so that the animal attempted to right 
herself with rapid running motions of the extremities. 
We distinguished these righting motions from con- 
vulsions by the following criteria: running motions 
are alternating continuous movements, whereas con- 
vulsions are spasmodic synchronous contractions of 
the extremities; a “running” mouse is limp, whereas 
a convulsing mouse is stiff; tonic arching of the tail, 
back and neck always precedes convulsions. Convul- 
sions were graded on a three-point scale, where + 
referred to a few mild jerks, ++ to repeated convul- 
sions alternating with quiet interictal intervals, and 
+++ to status epilepticus. 

Convulsions, when they occurred, rapidly ensued 
following intraperitoneal injection—usually within 1 
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minute (range l^ to 1/4), with a trend toward earlier 
start with higher doses. With the amide anesthetics, 
when seizures proved fatal they lasted 1 to 15 minutes 
before death supervened. At lower doses, convulsions 
in mice who recovered were brief, some mice had 
only one or two seizures. Nonfatal convulsions from 
chloroprocaine or bupivacaine generally lasted 1 to 3 
minutes; those from lidocaine lasted considerably 
longer (5 to 7 minutes). Unless cardiorespiratory ar- 
rest from massive drug doses ended life within the 
first minute, convulsions always preceded death. Con- 
vulsing animals had rapid shallow respirations be- 
tween convulsions; when about to recover, breathing 
slowed and tidal volume increased. In dying animals, 
on the other hand, breathing became progressively 
more shallow, pallor and cyanosis appeared, convul- 
sions ceased, and the animal became limp and then 
died. 

Raw data for the three local anesthetics are listed in 
Table 1. Table 2 shows the computed median con- 
vulsant doses (CDs) and median lethal doses (LD50) 





TABLE 1 
Experimental Observations 
Sample Convulsions Deaths 
Size 
Bupivacaine (mg/kg) 
50.4 10 2 1 
56.5 10 5 5 
63.5 11 8 7 
80.0 10 9 10 
Lidocaine (mg/kg) 
75.6 9 1 Q* 
95.3 9 2 0 
120.0 10 6 1 
134.7 10 8 6 
151.2 10 9 9 
Chloroprocaine (mg/kg) 
200.0 10 2 O 
224.5 10 4 2 
252.0 10 6 4 
317.5 10 8 8 
400.0 10 1F 10 
* Duplicate end-value; not used in computation. 
T Nine of 10 mice died without first convulsing. 
TABLE 2 
Median Response Values 
CDsso* LDsof 
mg/kg 
Bupivacaine 57.7 + 2.7 58.7 + 2.0 
Lidocaine 111.0+ 6.3 133.1 + 3.3 
Chloroprocaine 243.4 + 14.5 266.5 + 11.6 


* Median convulsant dose and standard error. 
T Median lethal dose and standard error. 
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and standard errors. Noteworthy is the narrow gap 
between convulsant and lethal dose. Figs. 1 and 2 
provide linearized log dose-response curves to illus- 
trate the relation between the incidence of convulsions 
and deaths, respectively, and the local anesthetic dose. 

The computations in Table 3 detail the association 
between LD5 and CDso. The first column quantitates 
the proximity of convulsant dose to lethal dose; for 
bupivacaine, the values differ by less than 296. Even 
with lidocaine there is only a 20% margin between 
convulsant and lethal dose, whereas with chloropro- 
caine a margin of only 10% lies between these two 
CiProc 
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The vertical axis represents percentage of convulsions on a 
probit-transformed response scale. 
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Fig 2. Dose-response curves for bupivacaine (Bupiv), lidocaine 
(Lido), and chloroprocaine (ClProc). Drug dose, expressed in 
milligrams per kilogram, is on the logarithmic horizontal axis. 
The vertical axis represents percentage of deaths on a probit- 
transformed response scale. 
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TABLE 3 
Lethal versus Convulsant Doses 
LDso/ CDso Lethality of CDss* 
9 
Bupivacaine 101.7 90.2 
Lidocaine 119.9 5.8 
Chloroprocaine 109.5 57.0 


* Percentage deaths attributable to a CDso dose, computed 
by interpolating the CDso value into the log dose-mortality equa- 
tion. 








TABLE 4 
Comparative Toxicity (Mass Ratios) 

Convulsions Deaths 
Lidocaine/Bupivacaine 1.92 ` 2.27 
Chloroprocaine/Lidocaine 2.19 2.00 
Chloroprocaine/Bupivacaine 4.21 4.54 





extremes. The second column of Table 3 derives the 
expected lethality of a convulsant dose by interpolat- 
ing the CDs, value in the dose-mortality equation. 
Thus 57.5 mg/kg of bupivacaine, which induces con- 
vulsions in 50% of mice, is lethal to 45% of mice. 
Since, at that dose level, convulsions always precede 
death, nine of 10 mice with bupivacaine-induced con- 
vulsions will die if left untreated. On the other hand, 
111.0 mg/kg of lidocaine, which induces convulsions 
in 5096 of mice, is lethal to 2.996 overall, so that fewer 
than 6% of mice convulsing from lidocaine will die. 
In other words, chances of surviving an untreated 
lidocaine-induced convulsion are about 16 out of 17, 
as against about 2 in 5 with chloroprocaine-induced 
convulsions, and 1 in 10 with bupivacaine-induced 
convulsions. 

The median dose ratios between pairs of local 
anesthetics tabulated in Table 4 confirm that bupi- 
vacaine is about twice as toxic as lidocaine and a bit 


more than 4 times as toxic as chloroprocaine. Lido- 


caine, in turn, is twice as toxic as chloroprocaine. 
(Recall that toxicity is related inversely to CDs, and 
LDso: the lower the CDso or LDs, the more toxic is. 
the drug.) 


Discussion 


We observed that a convulsant dose of local anes- 
thetic is close to a lethal dose. This is most pro- 
nounced for bupivacaine and least pronounced for 
lidocaine. Thus a convulsion from bupivacaine is 
potentially 15 times more life-threatening than one 
from lidocaine under the conditions of this experi- 
ment. Although not studied here, these grim figures 
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can be bettered considerably by vigorously treating 
convulsions. In one report, survival from a convulsant 
dose of local anesthetic was enhanced 2- to 4-fold by 
elementary cardiopulmonary resuscitation.’ In an- 
other report, four of six dogs with procaine-induced 
convulsions died, while six ventilated littermates sur- 
vived repeated procaine seizures.’ 


Convulsions from Local Anesthetics 


Confounding interpretation of older toxicity studies 
is that the incidence of lidocaine-induced convulsions 
in mice is nearly 6 times greater at 9 p.m. than at 3 
p.m.” As a reasonably stable plateau is reached in the 
morning between 6 a.m. and 12 p.m. we did our 
experiments between 9 a.m. and 11 a.m. A time cycle 
of longer duration, the five-day estrus period of fe- 
male mice, might also affect the convulsant threshold. 
Although there is no evidence to support that conten- 
tion, we did house the mice five to a cage, and away 
from males, so as to induce anestrus.! 

Our values for the CDs, of lidocaine (111.0 mg/kg) 
given intraperitoneally were higher by about 50% 
than those observed by some others in mice: de 
Oliveira and Bretas,’ for instance, reported a lidocaine 
CDso of 76.0 mg/kg in female mice. Still lower values 
have been reported for the lidocaine CDso in male 
mice, such as 70 mg/kg? 65 mg/kg,’ and 64 mg/kg. 
Although variables such as sex, age, and time of day 
may have contributed, we attribute the difference 
between our results and those of others mainly to our 
sharper definition of "convulsions," as distinguished 
from running movements of the extremities, Running 
movements have only recently been recognized as a 
distinct phase in the spectrum of local anesthetic- 
induced central nervous system changes. Thus, Hof- 
man and colleagues" found that running movements 
in dogs started after a mean intravenous lidocaine 
dose of 22.7 mg/kg, with tonic-clonic convulsions 
supervening only after half again that dose (total 33.3 
mg/kg) had been given. 


Deaths from Local Anesthetics 


Convulsions always precede death from local an- 
esthetic overdosage, except when massive drug doses 
precipitate immediate circulatory collapse.” Although 
respiratory depression is thought to be the precipitat- 
ing cause of death in rodents” (perhaps because car- 
diac function is difficult to evaluate in these small 
animals), we observed pallor more often than cy- 
anosis, suggesting a direct myocardial effect of the 
local anesthetic as well. 
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Our value of 133.1 mg/kg for the lidocaine LDso in 
mice given intraperitoneal injections is quite close to 
the similarly obtained 142 mg/kg average (range 120 
to 180 mg/kg) from six laboratories. The intraperi- 
toneal LDso for chloroprocaine (266.5 mg/kg) ob- 
served by us is likewise on the same order as that 
reported for procaine (200 mg/kg) in mice. Com- 
parable figures on the intraperitoneal LDso for bupi- 
vacaine in mice are not available (Dr. Ginette Jacob, 
Breon Laboratories, personal communication). 

As was the case with local anesthetic-induced con- 
vulsions, age and sex also affect the lethality of local 
anesthetics. Young mice, for instance, tolerate more 
mepivacaine than middle-aged mice.? Whereas 75 
mg/kg of cocaine given intraperitoneally was lethal 
in 53% cf male mice, it was lethal in 74% of female 
mice.'? 


Toxicity of Local Anesthetics 


The intraperitoneal route of injection forces the 
anesthetic to enter the portal system, and thus pass 
through the liver, before reaching the systemic cir- 
culation. As chloroprocaine is hydrolyzed predomi- 
nantly by plasma esterases, transhepatic passage 
probably does not substantially increase its biotrans- 
formation.!" Biotransformation of the amide local an- 
esthetics bupivacaine and lidocaine, conversely, is 
confined to hepatic enzyme systems. Since the (he- 
patic) metabolism of these drugs is quite slow, and 
since convulsions started within a minute or so of 
injection. we consider the toxic effects observed here 
to be attributable largely to unchanged lidocaine or 
bupivacaine. Extrapolation of our findings to man is 
enhanced by noting that the mouse is one of the few 
nonprimate species to hydrolyze procaine (and pre- 
sumably also chloroprocaine) about as fast as does 
man. 

We can offer no ready explanation why bupiva- 
caine-induced convulsions are potentially more lethal 
than convulsions induced by the other local anes- 
thetics. Perhaps the high lipid solubility of bupiva- 
caine causes it to bind firmly to the myocardium, 
thereby reducing cardiac efficiency. 

Moore and colleagues,? in large clinical trials, 
found bupivacaine to be considerably less toxic in 
man than heretofore appreciated. Mainly based on 
work by Adams and associates" in female mice, 
bupivacaine is said to be about 4 times more toxic 
than lidocaine. Our results (also in female mice), 
however, show both the convulsant and the lethal 
doses of bupivacaine to be only about 2 times greater 
than those of lidocaine. Other than the fact that 
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Adams et al determined toxicity of the two drugs via 
the intravenous and subcutaneous routes, while we 
used the intraperitoneal route, we cannot explain the 
substantial discrepancy. In any case, our experimental 
observations support Moore’s clinical observations 
that bupivacaine is less toxic than presently estimated. 
Perhaps upper dosage limits for bupivacaine based on 
presently available data have been set too low. 

We conclude that convulsions from local anesthetic 
overdosage signal a potentially life-threatening com- 
plication because the margin between recovery and 
death from convulsions is slim. However, since sup- 
port of respiration during the ictal and postictal pe- 
riods reduces mortality severalfold, convulsions need 
not be a threat to life. We also conclude that bupi- 
vacaine is less toxic, relative to lidocaine, than hereto- 
fore recognized. 
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Ketamine has been 2valuated for convulsant properties in animals and humans with contradic- 
tory results. The present investigation evaluated the convulsant properties of ketamine in a 
previously unreported animal model. Two-day-old chicks were selected as test animals be- 
cause they have incomplete blood-brain barriers and thus greater penetrance of xenobiotics 
affecting the central nervous system. Control and experimental animals were given a central 
nervous system stimulant, pentylenetetrazol (Metrazol) at a dosage level (100 mg/kg) causing 
convulsions in 9096 of animals. The effect of ketamine pretreatment was then observed for 
the: (1) number of animals convulsing; (2) time of onset of convulsions; and (3) mortality. 
Ketamine (100 mg/kg) significantly decreased the number of animals that convulsed and 
decreased mortality; 10 mg/kg of ketamine significantly prolonged the time of onset of 
convulsions. This study does not support the conclusion that ketamine is a convulsant. 
Ketamine has significant anticonvulsant properties in the young chick model. 


Key Words: ANESTHETICS, Intravenous: ketamine; ANTICONVULSANTS: ketamine; BRAIN: convulsions. 


HE ROLE of ketamine in anesthesia is gradually 

being defined,"* and a complete review of the 
drug is available.’ One pharmacologic property of 
ketamine that remains controversial, however, is the 
central nervous system (CNS) effect of the drug in 
individuals with convulsive disorders. Specifically, 
does ketamine induce clinical seizures in individuals 
with preexisting seizure disorders? 
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The intrinsic convulsant properties of ketamine in 
normal animals as well as in animals with induced 
seizures and seizure foci have been investigated in 
several siudies.*"' Ketamine has, for example, been 
reported as not producing observable convulsions in 
normal animals, although increases in motor activity 
have been reported.*’° Electroencephalographic 
(EEG) data, although not fn total agreement, generally 
demonstrate selective stimulation of the CNS in nor- 
mal cats.?!! Studies of the effect of ketamine on 
responses to epileptogenic stimuli, including electric- 
ity, cobalt-gelatin implantation in the CNS, pentyl- 
enetetrazol (Metrazol) by systemic injection, penicillin 
implanted in the CNS, and strychnine by systemic 
injection have, however, given conflicting results in 
experimental animals.? 9? Both protection against 
such stimuli and a lowering of seizure threshold have 
been reported. 
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Studies of the convulsant properties of ketamine in 
humans have also been contradictory.!" 97? A recent 
review” states unequivocally that ketamine is a con- 
vulsant agent, whereas a contradictory study? found 
natural sleep to be a more potent stimulator of con- 
vulsions than ketamine in the epileptic patient. 

The purpose of the present study is to provide 
further information on which to base the neurophar- 
macologic characterization of ketamine using an ani- 
mal model in which the blood-brain barrier is poorly 
developed,” thereby allowing dissociation of the ef- 
fects of changes in penetrance of drugs into the CNS 
from intrinsic direct effects of drugs on central neu- 
ronal tissues. 


Methods 


All experiments were performed using white leg- 
horn cockerels, 2 to 3 days old, weighing between 30 
and 45 g each. The animals were fed and given water 
ad libitum until the first injection was administered. 
The chicks were then fasted for the observations 
which usually lasted less than 3 hours. All experi- 
ments were performed at the same time of the day at 
the same ambient room temperature of 21-22 C.” 
Each chick was weighed before administering the 
injection and all drug doses were based on body 
weight. 

All drugs were administered by intraperitoneal in- 
jection using injection volumes of 0.5 ml or less. 
Animals were eliminated if blood or gastrointestinal 
contents were aspirated before injection. A convulsion 
was defined as clonic motor activity immediately 
followed by tonic extension of the body. 

With the exception of the phenobarbital dose-re- 
sponse data, each experiment was performed in a 
group of 10 chicks, with another group of 10 chicks 
acting as controls. The following studies were made: 
(1) dose-response curves for ketamine were con- 
structed using 1, 10, 100, and 1000 mg/kg, with 
control chicks receiving an equal volume of saline; (2) 
pentylenetetrazol (PTZ) dose-response curves were 
determined using 50, 100, and 200 mg/kg with control 
animals receiving saline; (3) the effect of ketamine 
pretreatment on PTZ-induced seizures was evaluated 
by injecting ketamine (1, 10, and 100 mg/kg) followed 
2 minutes later by PTZ (100 mg/kg); controls received 
saline pretreatment; and (4) the effect of phenobar- 
bital pretreatment on PTZ-induced seizures was eval- 
uated by injecting phenobarbital (20 mg/kg) followed 
5 minutes later by PTZ (100 mg/kg); controls received 
pretreatment with saline. 


Evaluation of the dose-response to ketamine was 
performed primarily by observation of the loss of 
righting reflex. Other behavioral variables observed 
were postinjection defecation, overall changes in mo- 
tor activity, and an intermittent sleep-like state. 

The dose-response to PTZ was evaluated by obser- 
vation of convulsions. The dose of PTZ that caused 
90% of the animals to convulse (CD) was then used 
in the study. 

The effect of pretreatment on PTZ-induced con- 
vulsions was evaluated by observation of: (1) inci- 
dence of convulsions, (2) time of onset of convulsions, 
and (3) mortality rates of chicks 3 hours after injection 
of PTZ. Since not all chicks receiving PTZ convulsed, 
the experimental groups for the second category con- 
tained fewer than ten animals. Means and standard 
deviations of the data were computed. 

Statistical significance of the differences was ana- 
lyzed using a two-sample independent t-test for the 
time delay to convulsions and Fisher's exact test, two- 
tailed probability, for the frequency of convulsions 
and death. All animals were treated in a humane 
manner at least equal to the standards described by 
the American Physiological Society. 


Results 


Dose-Response Curves for Ketamine 


Chicks given 1 mg/kg of ketamine showed no 
behavioral differences when compared with control 
chicks. After 10 mg/kg of ketamine, five of ten chicks 
showed transient loss of righting reflex commencing 
within about 90 seconds. Two minutes later all ten 


. chicks were behaviorally indistinguishable from con- 


trol animals given saline. All chicks given 100 mg/kg 
of ketamine lost their righting reflexes approximately 
60 seconds after injection of ketamine. This last group 
of chicks exhibited a continuous “bike pedaling” 
activity with occasional tonic extension of the wings. 
Loss of righting reflex was noted at 35 seconds in all 
chicks receiving 1000 mg/kg of ketamine. This was 
also followed by hypermotor activity, as above. Al- 
though mortality was zero for 1, 10, and 100 mg/kg 
of ketamine, all of the chicks receiving 1000 mg/kg 
of ketamine were dead within 1 hour. Clonic-tonic 
seizures were not observed at any dosage level. 


Dose-Response Data for Pentylenetetrazol 


Pentylenetetrazol (100 mg/kg) caused clonic-tonic 
convulsions in nine (9096) of the 10 chicks in the test 
group (CDs) and was selected as the drug dosage to 
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be used in the remaining tests. Mortality was 80% in 
this group of chicks. 


Phenobarbital Pretreatment and Pentylenetetrazol- 
Induced Convulsions 


None of 10 chicks given phenobarbital (20 mg/kg) 
convulsed following pentylenetetrazol (100 mg/kg) 
while nine of 10 control animals given saline con- 
vulsed. Mortality rates were not recorded for this 
portion of the investigation. 


Ketamine Pretreatment and Pentylenetetrazol- 
Induced Convulsions 


With pretreatment of 1 mg/kg of ketamine, nine of 
10 chicks convulsed after 100 mg/kg of pentylene- 
tetrazol (Figure). Eight of 10 control chicks with saline 
pretreatment convulsed. With 10 mg/kg of ketamine, 
six of 10 chicks convulsed, and eight of 10 control 
chicks convulsed. At 100 mg/kg of ketamine, no 
convulsions were observed in 10 chicks, and nine of 
10 saline pretreatment control chicks convulsed. At 
100 mg/kg of ketamine the difference between treat- 
ment and control groups was Statistically significant 
(p « 0:001). The remaining treatments did not have 
statistically significant effects. 


Time Delay to Convulsion (TDC) 


Chicks receiving 1 mg/kg of ketamine pretreatment 
had a mean TDC of 2.8 + 1.4 minutes (Table 1). 
Saline pretreatment controls had a mean TDC of 3.1 
+ 2.5 minutes. The difference was not statistically 
significant. After 10 mg/kg of ketamine, chicks had 
a mean TDC of 54.7 + 23.1 minutes, and the TDC of 


saline control animals was 6.6 + 6.0 minutes. The 
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Figure. Dose-response of ketamine in the suppression of pen- 


tylenetetrazol-induced convulsions in the 2-day-old chick. 
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TABLE 1 


Dose-Response of Ketamine Pretreatment on Elapsed Time 
to Convulsions Induced with Intraperitoneal 
Pentylenetetrazol in Two-Day-Old Chicks 


Elapsed time to 


Ketamine dose convulalBns p value 
min 

1.0 mg/kg (N = 9) 2.8 X 1.4 NSf 
Control (N = 8) 3.1 £ 2.5 
10.0 mg/kg (N = 6) 54.7 t 23.1 0.001 
Control (N — 8) 6.6 + 6.0 
100.0 mg/kg (N = 0) No convulsions —Í 
Control (N = 9) 4.33 + 2.5 


* Values are means + SD. 
T Not szatistically significant. 
+ —Tests for significance not applicable. 


TABLE 2 


Protection by Ketamine from Death after intraperitoneal 
Pentylenetetrazol (100 mg/kg) in Two-Day-Old Chicks 


Ketamine dose Mortality p value 
96 
10.0 mg/kg (N = 10) 0 0.09 
Control (N = 10) 40 
100.0 mg/kg (N = 10) 0 0.001 
Control (N = 10) 80 


difference was statistically significant (p < 0.001). 
Since no chicks receiving 100 mg/kg of ketamine 
convulsed, no comparison can be made with the saline 
control TDC value of 4.3 + 2.5 minutes. 


Protection from Death 


None of the chicks that received pretreatment with 
10 mg/kg of ketamine died; four of the saline pre- 
treatment controls died. The difference was not sta- 
tistically significant ( p = 0.09( (Table 2). At 100 mg/ 
kg of ketamine, none of the chicks receiving ketamine 
died; eight control animals given saline were dead by 
3 hours after receiving the injection. The difference 
was statistically significant ( p « 0.001). 


Discussion 


Ketamine has been studied in mice, rats, cats, mon- 
keys, and humans to elucidate the drug’s effect in 
patients with seizure disorders.'? !^? This study was 
undertaken to evaluate the effect of ketamine on 
induced seizures in yet another species and thereby 
provide new information to an otherwise contradic- 
tory pharmacologic characterization. Earlier investi- 
gations which stressed the subject’s EEG response to 
ketamine have been criticized due to the lack of 
clinical seizure correlation.” The present study relies 
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only or: behavioral observations with relatively clear 
end points. 

The 2-day-old chick model was selected for its 
incomplete blood-brain barrier and the resultant 
greater permeability and response to many xenobiot- 
ics. The existence of brain damage and possible 
associated blood-brain barrier permeability changes 
may be uncontrolled variables in human subjects 
causing disparate results reported in the literature. 
The 2-day-old chick model can be conceptually 
viewed as a test animal with a pharmacologic “win- 
dow” incorporated in the CNS blood-brain barrier. 
CNS penetrance is thereby reduced in significance as 
a varibie in drug studies analyzing CNS response. We 
believe this model may provide more consistent phar- 
macolcgic responses within the CNS, and thereby 
reduce the contradictory characterizations referred to 
above. 

Our results indicate that ketamine does not induce 
seizures in subanesthetic or anesthetic doses in the 


chick model, although increased motor activity was : 


observed with 100 mg/kg of ketamine. Furthermore, 
ketamine afforded protection from pentylenetetrazol- 
induced convulsions. We recognize that the dose of 
ketamine providing significant protection from sei- 
zures (100 mg/kg) is substantially larger than those 
doses utilized in clinical medicine. Differences in 
doses can be attributed to species variability and 
routes of administration.” The demonstration of 
phenobarbital protection against convulsions in the 
chick model illustrates the analogy between the chick 
model and the clinical situation.’ 

Consideration of the clinical applicability of these 
data leads to the hypothesis that any convulsant prop- 
erties of ketamine may be related to the area(s) within 
the CNS stimulated by the drug (e.g., those areas 
related to wing extension in the chick). Thus, if a 
lesion, diagnosed or undiagnosed, coincides with the 
area stimulated by ketamine, clinical convulsions may 
ensue. If a lesion and the area stimulated by ketamine 
do not coincide, ketamine may protect against clinical 
seizure activity by a mechanism not yet elucidated. 
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Arrhythmogenic effects of aminophylline (theophylline ethylenediamine) during halothane an- 
esthesia have been reported but have not been related to serum theophylline levels. This 
study was designed to determine the arrhythmogenicity of therapeutic and toxic serum theo- 
phylline levels during halothane anesthesia. The study consisted of three parts. In part 1 
(induction) six dogs were anesthetized for 15 minutes with 1% halothane in air and then given 
intravenous aminophylline, 50 mg/kg. In part 2 (maintenance) eight dogs were anesthetized 
for 2 hours with 1% halothane and then given intravenous aminophylline, 10 mg/kg. In part 3, 
after four additional hours of steady-state 1% halothane anesthesia, additional intravenous 
aminophylline, 25 mg/kg, was given to these eight animals. Three of six dogs in part 1 had 
arrhythmias following aminophylline, with serum theophylline levels ranging from 48 to 66 mg/ 
L. No dog in part 2 had arrhythmias following the 10 mg/kg dose of aminophylline, with serum 
theophylline levels of 14 to 23 mg/L. Six of eight dogs in part 3 had arrhythmias shortly after 


aminophylline, 25 mg/kg, with serum theophylline levels of 36 to 72 mg/L. Aminophylline 
administration after prolonged 1% halothane anesthesia appears free from arrhythmogenic 
effects if serum theophylline levels remain near the therapeutic range (10 to 20 mg/L). 
Aminophylline administration resulting in high serum theophylline levels (above 36 mg/L) 
causes ventricular arrhythmias when aminophylline is given during induction or maintenance 
of 1% halothane anesthesia. Arrhythmias usually (89%) begin within 5 minutes of aminophyl- 
line administration, and these arrhythmias always resolve spontaneously within 2 minutes of 


onset. 


Key Words: PHARMACOLOGY: Aminophylline; ANESTHETICS, Volatile: halothane; HEART: arrhythmias. 


MINOPHYLLINE (theophylline — ethylenedi- 
amine) has been used for treating asthma since 
1937.’ Halothane is considered to be an anesthetic 
agent of choice for the asthmatic patient.?* The con- 
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current use of these two drugs has been shown to 
produce severe ventricular arrhythmias in experimen- 


otal animals." More recently, cardiac arrhythmias 


have been observed in patients receiving aminophyl- 
line and subsequently anesthetized with halothane,® ° 
raising doubts about the safety of using aminophyl- 
line and halothane together. On the other hand, an 
anecdotal report? noted no problems associated with 
their use in combination. 

Therapeutic and toxic serum theophylline levels 
have been well defined in conscious humans, !* * but 
no correlation between drug levels and arrhythmo- 
genic effects during anesthesia has been made. We 
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previously reported" that therapeutic aminophylline 
doses caused a small increase in heart rate but had no 
other adverse effects on cardiorespiratory function 
during prolonged halothane anesthesia in dogs. In 
this three-part study we report on the arrhythmogenic 
effects of aminophylline at measured serum theo- 
phylline concentrations in the therapeutic and toxic 
range during the induction and maintenance of halo- 
thane anesthesia in dogs. 


Methods and Materials 


Studies were conducted in six dogs weighing be- 
tween 14.5 and 23 kg (average weight 18.2 kg) in part 
1. Eight other dogs weighing between 18.5 and 23.5 
kg (average weight 21.5 kg) were used in parts 2 
and 3. 


Part 1 


In this series all dogs were initially anesthetized 
with intravenous sodium thiopental, 20 mg/kg. The 
animals were then intubated with cuffed orotracheal 
tubes and air-tight fits secured. Using a non-rebreath- 
ing valve and Harvard animal respirator, controlled 
ventilation was begun with 1% halothane in air at 12 
breaths per minute. End-tidal carbon dioxide concen- 
tration was adjusted to approximately 4.5% by appro- 
priate modification of the tidal volume, and no further 
adjustments in ventilation were made. A continuous 
lead II electrocardiogram was recorded. 

Systolic, diastolic, and mean arterial blood pres- 
sures were measured from a femoral artery catheter 
connected to a pressure transducer (Bentley Trantec, 
Irvine, CA). Heart rate was calculated from the arterial 
pressure trace recording. Arterial blood samples were 
obtained from the femoral artery catheter using hep- 
arinized glass syringes, and iced immediately. Oxygen 
tension (Po,), carbon dioxide tension (Pco,), and pH 
were measured in duplicate in all samples (model 313 
blood gas analyzer, Instrumentation Laboratories, Inc, 
Boston, MA). Using an open-circuit technique, ex- 
haled gas was directed ihto a modified electronic 
volume displacement spirometer (model 220 spirom- 
eter, Cardiopulmonary Instruments, Inc, Houston, 
TX) and analyzed for halothane concentration by a 
gas mass spectrometer (MGA-1100, Perkin-Elmer 
Corp, Pomona, CA). Body temperature was measured 
by a thermistor placed in the lower third of the 
esophagus, and was maintained between 37-38 C 
throughout the study with a heating lamp and blanket. 
An intravenous infusion of 0.996 NaCl at 100 ml/hr 
was maintained for the duration of the study (30 


minutes following completion of aminophylline ad- 


ministration). 

After 15 minutes of 1% halothane anesthesia, ami- 
nophylline (Invenex, Chagrin Falls, Ohio), 50 mg/kg, 
was administered via intravenous infusion over 5 
minutes. Theophylline levels were determined in du- 
plicate in all arterial blood samples by homogenous 
enzyme immunoassay (EMIT, Syva, Palo Alto, CA), 
in which competitive protein binding was determined 
spectrophotometrically using a labeled enzyme and 
specific binding antibody. Serum theophylline and 
arterial blood gases were determined 2 minutes fol- 
lowing aminophylline in all animals, and at the time 
arrhythmias occurred. Potassium and ionized calcium 
values were determined 5 minutes before (control) 
and 30 minutes after aminophylline administration in 
all animals, and at the time arrhythmias occurred. 


Part 2 


All eight dogs were initially anesthetized with in- 
travenous sodium pentobarbital, 30 mg/kg. All sub- 
sequent monitoring and anesthesia maintenance was 
performed exactly as in part 1. Two hours were 
allowed to elapse before administration of amino- 
phylline, 10 mg/kg, as a 5-minute intravenous infu- 
sion. Arterial blood samples were obtained 5 minutes 
before and 2 minutes following aminophylline infu- 
sion, and analyzed for Po,, Pco,, pH, and theophylline 
levels. The lead II electrocardiogram was continuously 
monitored and recorded for the next 4 hours. 


Part 3 


Beginning 4 hours after the initial 10-mg/kg ami- 
nophylline infusion, each of the eight animals studied 
in part 2 received a 30-second intravenous infusion of 
aminophylline, 25 mg/kg. Arterial blood samples for 
Po, Pco, pH, and serum theophylline levels were 
obtained 5 minutes prior to the 25-mg/kg dose, and 
samples for determination of serum theophylline lev- 
els were obtained 5 minutes following completion of 
the infusion. This portion of the study lasted 30 
minutes following completion of the 25 mg/kg ami- 
nophylline infusion. 


Results 


Part 1: Halothane Induction 


Mixed-expired halothane concentration just prior 
to aminophylline administration (50 mg/kg) averaged 
0.72 + 0.04% (mean + SE) in animals that subse- 
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quently developed arrhythmias, and 0.76 + 0.02% in 
animals that did nct develop arrhythmias. Heart rate 
increased from 141 + 12 to 194 + 11 beats per minute 
and mean arterial pressure decreased from 77 + 17 to 
61 + 12 torr 2 minutes following aminophylline ad- 
ministration (Table 1). Three of six dogs given ami- 
nophylline, 50 mg/kg, over 5 minutes after 15 minutes 
of 1% halothane developed arrhythmias (Table 1). 
Serum theophylline levels at the time arrhythmias 
occurred ranged from 48 to 66 ml/L, while peak levels 
in animals that did not develop arrhythmias ranged 
from 57 to 81 mg/L. Arterial Po,, Pco,, and pH at the 
time arrhythmias occurred are listed in Table 2, along 
with serum theophviline concentrations. Ionized cal- 
cium values before, during, and after arrhythmias are 
also\listed in Table 2, along with serum potassium. 
Of the three dogs with arrhythmias, in two the 
arrhythmias developed during infusion of amino- 
phylline. The arrhythmias consisted of junctional 
rhythm in one and bigeminy in the other; both re- 
solved spontaneously in 60 seconds and 10 seconds, 
respectively, before completion of aminophylline ad- 


TABLE 1 


ministration (Table 1). No arrhythmias recurred in 
either animal. In the third dog the arrhythmia had a 
delayed onset (16 minutes after beginning amino- 
phylline) and consisted of multifocal premature ven- 
tricular contractions (PVCs) at a rate of 30 per minute. 
PVCs continued for 3 minutes, followed by bigeminal 
rhythm which failed to resolve. 


Part 2: Halothane Maintenance (2 Hours) 


Mixed-expired halothane concentration averaged 
0.81 + 0.0196 just before the 10 mg/kg aminophylline 
infusion. Of eight dogs given aminophylline, 10 mg/ 
kg, over 5 minutes after 2 hours of 1% halothane, 
none developed arrhythmias at any time in the 4 
hours following aminophylline administration. Peak 
serum theophylline levels ranged from 14 to 23 mg/ 
L. Values for blood pressure, heart rate, Po,, Pco,, and 
pH 5 minutes before and 2 minutes after aminophyl- 
line administration are shown in Table 3, as well as 
serum theophylline levels 2 minutes following ami- 
nophylline. 


Arrhythmias following Aminophylline (50 mg/kg IV) Administered 15 Minutes after Induction of Halothane Anesthesia: Time 


and Duration* 





Time until on BE iiid 
Dog Arrhythmia onset Duration 

Before After Before After Before After 

min min beats/min torr torr 
1 — mee — 102 156 100/55 70/40 60 45 
2 Junctional | . 3.5 1 126 222 95/55 70/60 65 65 
3 — — 174 216 100/50 55/30 65 40 
4 — — — 174 186 80/40 60/30 50 40 
5 Bigeminy 4.5 0.2 132 210 200/140 145/115 160 120 
6 PVCs, biceminy 16.0 19+ 138 174 80/55 75/50 60 55 





* Heart rate (HR), a-teríal blood pressure (BP), and mean arterial blood pressure (MAP) 5 minutes before and 2 minutes after 


administration of aminophylline. 


TABLE 2 


Arrhythmias following Aminophylline (50 mg/kg IV) Administered 15 Minutes after Induction of Halothane Anesthesia: Serum 


Theophylline and Arterial Blood Gases * 


Dog Arrhythmia Theophylline Pop Pcoz pH 
mg/t torr torr 
1 — 57 102 28 7.40 
2 Junctional 51 96 28 7.45 
3 — 75 83 26 7.43 
4 — 81 98 27 7.43 
5 Bigeminy 66 77  . 23 7.48 
6 PVCs, bigeminy 48 92 27 7.44 - 


* Values are those a: the time arrhythmias occurred. When no arrhythmia occurred, values listed are those 2 minutes following 
aminophylline administration. Control ionized calcium and potassium values are recorded (Before), ai the time arrhythmias occurred 


(During), and 30 minutes following aminophylline (After). 
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Ca?* ° K* 
Before During After Before During After 
meq/L meq/L 
2.45 — 2.33 4.7 — 4.2 
2.27 2.32 2.21 3.5 3.3 2.6 
2.25 — 2.32 3:5 — 3.4 
2.38 — 2.36 3.6 — 2.6 
2.11 2.15 2.21 3.4 3.6 3.5 
2.14 2.16 2.25 3.2 3.2 3.3 


s~ 


STIRT ET AL 


TABLE 3 


Mean Arterial Blood Pressure (MAP), Heart Rate (HR), and Arterial Blood Gas Values 5 Minutes before and 2 Minutes after 
Aminophylline (10 mg/kg IV) Given 2 Hours after Induction of Halothane Anesthesia * 


MAP HR 
Dog Theophylline SS SSeS 
Before After Before After 
mg/t torr beats/min 

1 20.0 130 110 180 180 
2 22.5 85 70 120 144 
3 23.0 85 80 132 144 
4 15.0 95 70 108 120 
5 18.0 95 105 126 144 
6 22.0 80 75 120 132 
7 14.0 65 65 120 144 
8 20.0 70 55 126 132 


Pe Pcoo pH 
Before After Before After Before After 
tor torr 
90 91 34 32 7.42 7.43 
73 73 36 35 7.32 7.32 
86 88 34 31 7.31 7.32 
87 89 31 34 7.35 7.35 
78 80 34 35 7.39 7.39 
76 74 33 34 7.38 7.37 
81 80 32 31 7.35 7.35 
85 88 39 39 7.28 7.27 


* Theophylline levels 2 minutes after aminophylline are also shown. No armythmias occurred. 


Part 3: Halothane Maintenance (6 Hours) 


The same eight dogs used in part 2 were given 
aminophylline, 25 mg/kg, beginning 240 minutes 
after their initial 10 mg/kg dose. At the time of the 25 
mg/kg dose, mixed-expired halothane concentration 
averaged 0.88 + 0.02% in animals that subsequently 
developed arrhythmias and 0.87 + 0.08% in animals 
that did not develop arrhythmias. Arterial Po, just 
before aminophylline administration ranged from 
73.0 to 90.3 torr; arterial Pco, ranged from 26.6 to 41.1 
torr, and arterial ph from 7.21 to 7.38 (Table 4). Six of 
eight dogs developed arrhythmias during the 30 min- 
utes immediately following aminophylline. Theo- 
phylline values at the time arrhythmias first occurred 
ranged from 36 to 72 mg/L (Table 4). In the two 
animals that showed no arrhythmic activity peak the- 
ophylline levels were 48 and 54 mg/L. 

Heart rate increased from 130 + 10 to 173 + 18 
beats per minute and mean arterial pressure decreased 
from 89 + 9 to 58 + 9 torr 5 minutes following 
aminophylline administration (Table 5). Of the six 
animals with arrhythmias, four had unifocal PVCs 
ranging in frequency from 2 to 4 per minute and two 
had junctional rhythm. In all six animals arrhythmias 
first developed within 4.5 minutes of aminophylline; 
all arrhythmias spontanecusly resolved within 2 min- 
utes of their appearance (Table 5). 


Discussion 


Cardiac arrhythmias result from a disturbance of 
the normal repetitive sequence of electromechanical 
events involved in myocardial contraction. Nonuni- 
formity of recovery following excitation favors the 
fractionation of impulses arising during the relative 
refractory period, and increases the chance of re- 


TABLE 4 

Arrhythmzas following Aminophylline (25 mg/kg IV) 4 Hours 
after Initial Dose (10 mg/kg !V): Serum Theophylline 
Concentrations * 


Theophylline 
Dog Arrhythmia ———— — — — Pog Peco? pH 
Before After 
mg/L torr torr 
1 PJCs 9.3 72 90 27 7.38 
2 F/Cs 6.0 60 65 41 7.21 
3 — '* 40.0 54 73 32 7.35 
4 — 5.0 48 82 33 7.34 
5 Junctional 8.5 60 90 32 7.41 
6 Junctional 9.0 60 84 36 7.31 
7 FYCs 6.5 42 73 29 7.34 
8 FYCs 7.0 36 79 39 7.21 


* Values are for concentrations 5 minutes before and 5 
minutes efter aminophylline (25 mg/kg) and arterial blood gas 
values 5 ninutes before aminophylline (25 mg/kg). 


entry; ary drug that increases the temporal dispersion 
or asynchrony of excitability recovery increases the 
likelihood of arrhythmia.” Catecholamines adminis- 
tered incravenously have been shown to increase dis- 
persion of the ventricular refractory: period. 

Catecholamines have long been known to predis- 
pose to arrhythmias in unanesthetized patients." In 
the pre: ence of halothane, the dose of catecholamine 
required to produce an arrhythmia is markedly de- 
creased '* Aminophylline has been found to increase 
urinary excretion of epinephrine and norepinephrine 
in man P Further studies have shown that it directly 
stimulaces synthesis and release of catecholamines 
from tke adrenal medulla.?7^ Aminophylline may 
also cause release of endogenous myocardial cate- 
cholam.ne stores.” 

Stud es of aminophylline and ventricular fibrilla- 
tion threshold have revealed that epinephrine and 
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TABLE 5 


Arrhythmias following Aminophylline (25 mg/kg IV) Given 4 Hours after Initial Dose (10 mg/kg IV): Time and Duration* 


Dog Arrhythmia Time until onset Duration 
min min 
1 PVCs <0.1 0.5 
2 PVCs <0.1 0.5 
3 = aut zr 
4 PN "NS "EM 
5 Junctional 4.5 0.5 
6 Junctional 1.0 0.5 
7 PVCs 1.0 1.5 
8 PVCs 1.5 2.0 
* H 


HR MAP 
Before After Before After 
beats/min torr 
162 180 105 65 
144 186 95 50 
162 186 115 90 
150 156 95 60 
138 162 100 85 
108 144 95 55 
162 174 45 20 
156 198 65 40 


eart rate (HR) and mean arterial blood pressure (MAP) 5 minutes before and 5 minutes following aminophylline administration. 


aminophylline have similar effects on induction of 
severe ventricular arrhythmias, with both epinephrine 
and aminophylline causing an approximate 30% to 
4096 decrease in ventricular fibrillation threshold dur- 
ing adequate oxygenation and ventilation. !® ?* In these 
studies aminophylline was administered over a 20- to 
30-minute period, and the decrease in fibrillation 
threshold occurred only during the infusion, lasting 
for 20 to 30 minutes.” The authors attributed this to 
nonuniform myocardial distribution of aminophylline 
which resolved following drug administration, the 
subsequent stable blood and myocardial cell theo- 
phylline level making induction of arrhythmias more 
difficult.” 

Several views currently exist regarding the mecha- 
nism of arrhythmogenesis by aminophylline. Many 
believe the primary action of aminophylline is the 
intracellular inhibition of phosphodiesterase, an en- 
zyme which causes the breakdown of cyclic adenosine 
monophosphate (AMP) to 5'-AMP.? The decrease in 
phosphodiesterase results in elevation of intracellular 
cyclic AMP. Subsequently cyclic AMP may activate 
cardiac phosphorylase from its inactive form, stimu- 
lating glycogenolysis in the conducting system.” This 
would result in myocardial intracellular voltage shifts, 
causing susceptibility to arrhythmias.? The similarity 
of the effects of aminophylline and catecholamines 
on arrhythmias may stem from the fact that catechol- 
amines, by activating adenyl cyclase, also stimulate 
the production of cyclic AMP with the same resulting 
effects on the conducting system.” 

A second school of thought proposes that amino- 
phylline acts on myocardial contractility by altering 
calcium kinetics. Theophylline has been found to 
enter myocardial tissue very rapidly.” It has been 
suggested that aminophylline has two effects on ex- 
citation-contraction coupling, one being inhibition of 
calcium sequestration by the sarcoplasmic reticulum, 
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the other a direct effect on the cell membrane leading 
to increased calcium entry.” Either of these effects 
could cause disturbances in myocardial conduction 
pathways leading to arrhythmias. 

It is possible that aminophylline exerts its effects 
on cardiac muscle partly due to its release of cardiac 
catecholamines and in part by inhibition of phospho- 
diesterase and enhancement of the cyclic AMP sys- 
tem.?! Cyclic AMP may be responsible for the effects 
of theophylline acting either in parallel with calcium 
or indirectly by mobilizing intracellular, bound cal- 
cium.” Halothane has been reported to cause effects 
compatible with the activation of adenyl cyclase and 
cyclic AMP.” Therefore, it could theoretically poten- 
tiate the arrhythmogenic effects of aminophylline by 
the same metabolic pathway. 

The present study yields information about the 
arrhythmogenic effects of aminophylline in three dif- 
ferent experimental settings; part 1, shortly (15 min- 
utes) after induction of 1% halothane anesthesia, when 
aminophylline was administered in supratherapeutic 
amounts (50 mg/kg) by slow (5 minutes) intravenous 
infusion; part 2, after 2 hours of 1% halothane anes- 
thesia, when aminophylline was administered in ther- 
apeutic amounts (10 mg/kg) by slow (5 minutes) 
intravenous infusion; and part 3, after prolonged (6 
hours) 1% halothane anesthesia, when aminophylline 
was given in supratherapeutic amounts (25 mg/kg) by 
rapid (30 second) intravenous infusion to dogs that 
had low residual serum theophylline levels (5 to 10 
mg/L) from part 2. 

Previous studies in dogs have dealt with the effects 
of aminophylline administered shortly after initiation 
of halothane anesthesia." In these studies amino- 
phylline was administered 10, 15, and 30 minutes, 
respectively, following initiation of 1% halothane an- 
esthesia. Doses of aminophylline varied from 6.4 to 
50 mg/kg, but in all three studies severe, persistent 
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ventricular arrhythmias (ventricular tachycardia or 
fibrillation) occurred in more than 50% of the exper- 
imental animals. These results differ markedly from 
that portion of our study (part 1) intentionally per- 
formed under similar conditions in an effort to du- 
plicate these results. We saw no ventricular tachycar- 
dia or fibrillation at any time, and in only one of six 
animals did arrhythmia (bigeminy) persist as long as 
19 minutes (Table 1). We did however, observe tach- 
ycardia and hypotension after aminophylline admin- 
istration, as reported previously during halothane ad- 
ministration,” in all animals (Table 1), although no 
difference was apparent between animals developing 
arrhythmias and those which did not. 

In serum ionized calcium, we saw no differences or 
changes which could be related to the presence or 
absence of arrhythmias (Table 2). Calcium concentra- 
tions remained relatively stable as arrhythmias oc- 
curred and resolved. Thus, any changes in myocardial 
calcium entry, which may have contributed to the 
genesis of arrhythmias, were either too small or too 
transient for us to detect with intermittent arterial 
blood sampling. There was no evidence of hypoxemia, 
hypercarbia, or acidosis (Table 2). Thus, these factors 
can be eliminated as possible precipitants of the ar- 
rhythmias which occurred. . 

The fact that no arrhythmias were observed in part 
2 of our study, which involved achieving serum the- 
ophylline levels of approximately 20 mg/L by admin- 
istration of aminophylline, 10 mg/kg, after 2 hours of 
196 halothane anesthesia, agrees with the known lack 
of arrhythmogenic side effects at these serum theo- 
phylline levels in conscious humans.” There was no 
evidence of hypoxemia, hypercarbia, or acidosis be- 
fore or after aminophylline administration (Table 3). 
Thus, the lack of arrhythmogenic activity would seem 
to indicate that halothane does not predispose to 
arrhythmias when therapeutic aminophylline dose 
levels are not exceeded in well ventilated animals. 

Cardiotoxicity manifested by arrhythmias com- 
monly occurs at serum theophylline levels between 
20 and 40 mg/L in conscious humans." One study of 
aminophylline toxicity in man concluded "... it is 
clear from the data that at least one-half the patients 
with plasma concentrations greater than 35 mg/L 
experienced a life-threatening arrhythmia.” *? 

This is in accord with the results of part 3 of our 
study, which documented the arrhythmogenic effects 
of supratherapeutic blood levels (36 to 72 mg/L) of 
theophylline attained by administering aminophylline 
25 mg/kg after 6 hours of 196 halothane anesthesia. 
Six of eight of these animals (7596) developed arrhyth- 


mias, although none had developed arrhythmias 4 
hours previously when given aminophylline, 10 mg/ 
kg. All six animals developed arrhythmias within 5 
minutes of completion of the aminophylline infusion. 
Increases in in vivo phosphorylase enzyme activity 
within minutes of aminophylline administration have 
been reported,” and could be a factor in the genesis 
of the arrhythmias observed. Four of the six had 
ventricular disturbances (PVCs), yet in no case did 
the arrhythmia progress to ventricular tachycardia or 
fibrillation, as reported by others." Instead, all ven- 
tricular arrhythmias reverted spontaneously to sinus 
rhythm within 2 minutes, and ventricular arrhythmias 
did not recur. 

The results of our study, performed with all animals 
receiving 1% halothane anesthesia, may be summa- 
rized as follows: (1) Arrhythmias did not occur at 
therapeutic serum theophylline levels (10 to 20 mg/L) 
after prolonged (2 hours) halothane anesthesia. (2) 
Arrhythmias occurred in 63% (nine of 14) of the 
animals when high serum theophylline levels (above 
36 mg/L) were present. (3) Ventricular arrhythmias 
occurred at high theophylline levels (above 36 mg/L) 
in 33% of the animals exposed to 15 minutes of 
halothane and in 50% of the animals exposed to 6 
hours of halothane. (4) Ventricular arrhythmias oc- 
curred at high theophylline levels (above 36 mg/L) 
whether the aminophylline was given rapidly (30 
seconds) or slowly (5 minutes). (5) Ventricular ar- 
rhythmias which began within 5 minutes of amino- 
phylline administration at high theophylline levels 
(above 36 mg/L) always resolved spontaneously 
within 2 minutes of onset (eight of eight animals). 
Although the relationship between aminophylline, 
halothane, and ventricular vulnerability in man can 
only be inferential as a result of the studies performed 
here, our findings might serve as a helpful preliminary 
guide to the use of aminophylline during halothane 
anesthesia in the clinical setting. 
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of enflurane-induced spike activity by scopolamine. Anesth Analg 59:417-420, 1980. 


The possibility of enflurane-induced spike activity being related to a cholinergic mechanism 
was investigated. Thirty mongrel dogs were anesthetized with an inspired enflurane concen- 
tration of 3.5 + 0.09% (mean + SD) to obtain a sustained EEG spike activity. Scopolamine, in 
0.04 mg/kg to 0.4 mg/kg IV doses, significantly decreased the spike activity (p < 0.05). We 
speculate that a central cholinergic muscarinic mechanism is at least partly responsible for the 


EEG spike activity produced by enflurane. 


Key Words: ANESTHETICS, Intravenous: enflurane; BRAIN: electroencephalography; PARASYMPATHETIC NERV- 


OUS SYSTEM: scopolamine; ACETYLCHOLINE: brain. 


NFLURANE produces  electroencephalogram 
(EEG) spike activity,’ and, at times, abnormal 
movements or even convulsions in humans character- 
ized by high voltage spikes (150 to 200 uV) intermixed 
with an 8 to 10 Hz pattern.” EEG spike activity and 
associated muscular movements increase with an in- 
crease in inspired enflurane concentration and with a 
decrease in Paco,” 

Seizure activity is a multitransmitter phenomenon; 
acetylcholine and glutamate are excitatory, and thus 
facilitate seizures; norepinephrine and gamma ami- 
nobutyric acid are inhibitory and diminish seizure 
susceptibility.* Acetylcholine is an important com- 
ponent of seizure activity. For example seizures as- 
sociated with brain trauma, epilepsy, electroconvul- 
sive shock or pentylenetetrazole, brain acetylcholine, 
and cerebrospinal fluid (GSF) choline levels increase 
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during the seizures indicating activation of the cholin- 
ergic system.? Postictally, following electroconvulsive 
therapy, a decrease in brain acetvlcholine levels oc- 
curs in association with an increase in acetylcholine 
turnover in the brain and CSF.* 

Further evidence implicating a central cholinergic 
componant in the mechanism of seizure activity in- 
volves use of anticholinergic drugs such as atropine 
and scopolamine. Both of these drugs are capable of 
blocking seizures produced by exogenous acetylcho- 
line and cholinesterase inhibitors.? Grob et al’ have 
shown :n man that intravenous atropine, 1.2 mg, 
inhibits the increased electrical activity of the brain 
produced by di-isopropyl flurophosphate. These in- 
vestigators also observed that 1.2 mg of atropine 
reduces abnormal discharges and amplitude of the 
EEG in oatients with a history of grand mal epilepsy 
displaying characteristic EEG changes.’ Spontaneous 
and hyperventilation-induced petit mal EEG parox- 
ysms are at times blocked by atropine.? The effects of 
anticholinergic drugs appear to relate to inhibition of 
the action of acetylcholine. 

This study explores the possibility of a cholinergic 
component being involved in the mechanism of en- 
flurane-induced seizure activity by evaluating the ef- 
fect of scopolamine on enflurane-induced spike activ- 


ity. 
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. ENELURANE AND ELECTROENCEPHALOGRAM ACTIVITY 


Methods and Materials 


Mongrel dogs (7.8 + 2.2 kg, mean + SD) were 
anesthetized with enflurane in oxygen. Following tra- 
cheal intubation, ventilation was controlled, and in- 
travenous and femoral arterial catheters were placed. 
Two subcutaneous frontal, two parietal, and a central 
reference electrode were placed. Esophageal temper- 
ature was maintained at 36 + 1 C utilizing a heating 
blanket. A continuous infusion of 0.1% succinylcho- 
line was used to prevent muscle twitching. 

The inspired enflurane concentration was increased 
until spike activity was observed on the EEG. After 
spike activity was established the inspired enflurane 
concentration was thereafter maintained constant for 
at least 30 minutes. Dogs were divided into the fol- 
lowing six groups: intravenous saline, 3 ml, was given 
to 12 control dogs; intravenous scopolamine, 0.01 mg/ 
kg, was given to 4 dogs, 0.04 mg/kg to 8 dogs, 0.1 
mg/kg to 4 dogs, 0.2 mg/kg to 7 dogs, and 0.4 mg/kg 
to 7 dogs. The number of spike waves (greater than 
150 uV) was counted over a 30-second period before 
and 5, 10, 15, and 30 minutes after the drug admin- 
istration. The average number of spikes per second 
was calculated and ranged from 0.7 to 2.8 in individual 
saline control experiments. The spike counting was 
done in triplicate with standard deviations of triplicate 
counts ranging from +0 to +8% of the triplicate mean. 
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Data on dose-dependent effects of scopolamine were 
analyzed using the multiple comparison procedure to 
compare the effect of different doses of scopolamine 
with responses observed in saline control animals 
(Dunnett's test).? The extent of spike suppression by 
scopolamine at various time intervals was analyzed 
by two-way analysis of variance without interaction? 
and by the Tukey test." 


Results 


Spike activity was achieved and maintained for 30 
minutes when the inspired enflurance concentration 
was 3.5 + 0.09% ( p < 0.05) at a time when Paco, was 
34 + 4 torr. Scopolamine significantly (p « 0.05) 
decreased the number of spikes per second below 
corresponding values in saline control dogs signifi- 
cantly ( p « 0.05) at doses of 0.1 mg/kg, 0.2 mg/kg, 
and 0.4 mg/kg at 5, 10, 15, and 30 minutes (Figs 1 
and 2). After 0.01 mg/kg and 0.04 mg/kg of scopol- 
amine, spike activity which was not significantly af- 
fected 5 minutes after injection, was significantly less 
10, 15, and 30 minutes after injection. There were no 
significant differences in the extent of spike suppres- 
sion induced by any of the doses of scopolamine used 
at the various time intervals. Mean arterial pressure 
and heart rate did not change significantly with sco- 
polamine. 
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Fia 1. Efiects of scopolamine on enflurane-induced spike frequency as compared to saline controls. 
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Fig 2. A, EEG showing spike activity induced with enflurane 
(inspired concentration 3.596) and a Pacos of 36 torr. The spike 
frequency was continuous over 30 minutes. B, Five minutes 
following intravenous scopolamine (0.2 mg/kg) in this dog (A) 
a decrease in spikes can be seen. This pattern continued over 
the next 30 minutes. 


Discussion 


The central cholinergic system has both nicotinic 
and muscarinic cholinoceptive neurons. Spinal Ren- 
shaw cells are nicotinic," whereas some cortical cells 
are muscarinic’ and ventrothalamic neurons are of 
an intermediate type.'* High concentrations of acetyl- 
choline are found in the brain stem, caudate nucleus, 
and to some extent the pons, medulla, and cerebral 
cortex. The central muscarinic effects of acetylcho- 
line are blocked by even small doses of atropine or 
scopolamine. Anticholinesterases such as organo- 
phosphorus and carbamates induce seizures or lower 
the threshold for strychnine or pentylenetetrazol-in- 
duced convulsions.” Seizures produced by anticho- 
linesterases are due to high concentrations of free 
acetylcholine.” 


The effects of anticholinergic drugs on cerebral 
electrical activity support the hypothesis that acetyl- 
choline plays a role in normal cerebral cortical elec- 
trogenesis as well as electrogenesis associated with 
seizure activity. Atropine, for example, abolishes EEG 
activation produced by acetylcholine, arecoline, tre- 
morine, and pilocarpine. The EEG synchronization 
produced by atropine and scopolamine can be abol- 
ished by eserine and, conversely, eserine-induced 
desynchronization can be antagonized by atropine. 
The EEG and motor seizures produced by high doses 
of cholinesterase inhibitors such as diisopropylfluo- 
rophosphate and sarin can be terminated by intrave- 
nous administration of atropine.? 

Little has been published concerning the possible 
interaction of enflurane with the cholinergic musca- 
rinic system of the brain. Ngai et al have demon- 
strated in rat brain that while enflurane does not 
affect the acetylcholine turnover rate in subcortical 
structures, it does decrease the turnover rate of ace- 
tylcholine in the cerebral cortex. Halothane, on the 
other hand, decreases the turnover rate of acetylcho- 
line in all parts of the brain. 

The reduction in enflurane-induced intermittent 
spike activity by scopolamine reported in this paper 
suggests that cholinergic muscarinic receptors may be 
involved in the initiation of this spike activity. Since 
spike activity is preliminary to frank convulsive pat- 
terns as the concentration of enflurane increases, it is 
tempting to suggest that enflurane-induced seizures 
also involve muscarinic receptors. Our study, how- 
ever, does not present direct information to support 
this view. — 

In addition to the anticholinergic action of scopol- 
amine other possible actions of this drug should be 
considered in attempting to explain the mechanism 
by which scopolamine reduces enflurane-induced 
spike activity. The known CNS depressant action of 
scopolamine could be responsible for its effect on 
spike activity; however, there are two reasons why 
this possibility appears unlikely. An intravenous dose 
of 0.1 mg/kg of scopolamine does not significantly 
affect enflurane MAC in dogs (1.66 + 0.12 vol% 
before scopolamine, 1.60 + 0.15 vol% after scopol- 
amine (R. R. Paradise, S. F. Dierdorf, and T. M. 
Wolfe: Unpublished data). Second, other CNS de- 
pressants such as barbiturates and diazepam do not 
attenuate the EEG changes induced by enflurane but 
in fact accentuate them." Barbiturates produce syn- 
chronization of the EEG and markedly depress the 
evoked responses from the reticular activating system, 
whereas, atropine and scopolamine do not influence 
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the reticular potentials evoked by applying single 
shocks to peripheral nerves.? 

Enflurane-induced spike activity appears to be re- 
lated more to minor motor seizures than to grand mal 
or other types of seizures." In man barbiturates have 
a detrimental effect on minor motor seizures in con- 
trast to their beneficial effects in grand mal 
activity.” Both barbiturates in subanesthetic and 
anesthetic doses as well as diazepam augment enflur- 
ane-induced EEG changes in experimental animals." 

The lack of a dose-response effect of scopolamine 
on enflurane-induced spike activity may reflect a 
basic insensitivity of our methodology to detect small 
differences. Another possibility also seems likely: 
muscarinic cholinergic receptors might represent only 
one of several factors contributing to enflurane-in- 
duced spike activity. These other factors may be 
unrelated to the balance between scopolamine and 
CNS levels of acetylcholine. 

Although it is difficult to draw conclusions by 
extrapolating our observations to man, it is possible 
that centrally acting anticholinergic drugs given as 
premedicants may reduce enflurance-induced spike 
activity. Further studies in man are necessary to con- 
firm this speculation. 
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Developmental toxicity of methoxyflur- 


The developmental toxicity of trace, subanesthetic, and anesthetic exposure to methoxyflur- 
ane was examined in Swiss/ICR mice. No adverse effects on reprocuction or fetal develop- 
ment were demonstrated following exposure to trace (2 ppm) and subanesthetic (60 ppm) 
concentrations of methoxyflurane for 4 hours daily on days 6 throuca 15 of pregnancy. 
‘Exposure to an anesthetic concentration (2000 ppm; 0.2%) for the same period resulted in 
decreased fetal weight, decreased ossification, and delayed renal rraturation. Additionally, the 
incidance of minor skeletal anomalies was increased. It is concludec that gestational exposure 
of mice to trace of subanesthetic concentrations of methoxyflurane does not result in repro- 


ductive loss or morphologic abnormalities in their offspring. 


Key Words: ANESTHETICS, Volatile: methoxyflurane; PREGNANC *: fetal development; TOXICITY: methoxyflurane. 





Eu to trace concentrations of anesthetic 
agents has been suggested as a cause of increased 
reproductive loss among operating room workers as 
well as increased rates of congenital malformation 
among their offspring.™? Certain anesthetic agents, 
notably nitrous oxide and halothane, have been re- 
peatedly investigated as potential teratogens.“ ° How- 
ever, the effects of methoxyflurane on reproduction 
and fetal development have not been adequately stud- 
ied. The present study examines the developmental 
toxicity of gestational exposure to trace, subanes- 
thetic, and anesthetic concentrations of methoxyflur- 
ane. 
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Methods and Materials 


Seve 1-week-old virgin male and female Swiss/ICR 
mice (Hilltop Lab Animals, Inc, Scottsdale, Pa) were 
markec with metal ear tags and ailowed to acclimatize 
to the animal facility for two weeks. Mice were caged 
by sex, four animals per cage, and bedded on ground 
comcob (Tab Litter, Paxton Processing Co, Paxton, 
IL). Room temperature was maintained at 21 + 1C 
and art ficial light was provided from 6 a.m. to 7 p.m. 
each day. No other animal species or mouse strains 
were housed in the same room and no germacides or 
pesticides were used. Food (Wayne LabBlox, Allied 
Mills, inc, Chicago, IL) and water were available at all 
times 2xcept during treatment periods. Mice were 
weighed weekly. Females were recaged in pairs at 9 
weeks of age. Each pair was mated nightly to one 
male uatil copulation occurred, or for a maximum of 
seven aights. The date of copulation was determined 
by the presence of a vaginal plug and was considered 
day 0 ef pregnancy. Females that did not copulate in 
seven nights were mated for an additional seven 
nights with a different male. Pairs of females with the 
same 4ay of copulation were recaged together and 
were assigned to one of five treatment groups (Table 
1). Cobny controls, group 1, were left undisturbed in 
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TABLE i 
Exposure Schedule for Methoxyflurane Teratology Study 
Gesta- 
Hours / Hon 
Group . Agent d days Comment 
ay 
ex- 
posed 
1 No treatment i — — Colony control 
2 Compressed air 4 6-15 Treatment control 
3 Methoxyflurane, 2 4 6-15 Trace exposure 
ppm 
4 Methoxyflurane, 60 4 6-15  Subanesthetic ex- 
ppm posure 
5 Methoxyflurane, 4 6-15 Anesthetic expo- 
2000 ppm sure 


the animal room and were untreated. Treatment con- 
trols, group 2, were exposed to compressed air only. 
Mice in groups 3, 4, and 5 were exposed to methox- 
yflurane, 2 ppm, 60 ppm, or 2000 ppm, respectively. 

Inhalation exposures were carried out on days 6 
through 15 of pregnancy and were of 4 hours dura- 
tion. Exposures were performed in two stainless steel 
and Plexiglas, gas-tight chambers, each of approxi- 
mately 1500-L capacity. The floor of the chambers 
was covered with soda lime to absorb carbon dioxide. 
Cages were placed randomly in the chambers. Me- 
thoxyflurane was vaporized in a copper kettle with 
medical grade compressed air delivered at a flow of 
3 to 6 L/min. Uniform anesthetic vapor concentration 
was maintained in each chamber by a high volume 
recirculation fan. Methoxyflurane concentrations 
were monitored at 5- to 15-minute intervals using a 
Varian 1440 gas chromatograph, and were maintained 
within 1096 of the desired concentrations. 

Dams were sacrificed by cervical dislocation on day 
18 of pregnancy, 1 day prior to the expected day of 
parturition. The uterus was examined and the number 
and position of live and dead fetuses and resorptions 
were recorded. Crown-rump length, weight, and sex 
of each live fetus were determined and each fetus was 
examined for external abnormalities. One third of the 
fetuses were fixed in Bouin's solution and subse- 
quently examined for internal soft tissue abnormali- 
ties using a free-hand razor blade sectioning and 
microdissection technique." The remaining two 
thirds were examined for skeletal abnormalities using 
a dissecting microscope. Skeletons were prepared by 
clearing the soft tissue with potassium hydroxide and 
staining the skeleton with alizarin red 5S, according to 
the method of Staples and Schnell.” 

Abnormalities were classified by type and severity 
as follows (Table 2): Fetuses weighing 25% less than 
the litter mean were classified as runts; fetal morpho- 
logic abnormalities that would have precluded normal 
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TABLE 2 


Classification of Fetal Abnormalities 


External 
Abnormalities 


Runt 
Major malforma- 
tions 

Cleft palate. 
Exencephaly 
Limb deformity 
Other 

Minor anomalies 
Hematoma 
Limb malposition 
Crooked tail 
Other 


Skeletal Abnormalities 


Major malformations 
Craniofacial 
Ribs or vertebrae 
Other 

Minor anomalies 
Ribs or vertebrae 
Sternebrae 
Other 

Developmental variant 
Supernumerary rib 
Asymmetric or bi- 

partite sternum 


Internal Abnormalities 


Major malformations 
Minor anomalies 
Enlarged brain ven- 
tricle 
Hemorrhage 
Gonad displacement 
Biadder distension 
Other 
Developmental variant 
Increased renal pel- 
vic cavitation 
Other 


Other 
Decreased ossification 
Skull 
Limbs 
Sternum 
Other 


survival were considered major malformations, e.g., 
cleft palate or exencephaly; abnormalities that were 
neither severely disfiguring nor incapacitating were 
classified minor anomalies, e.g., crooked tail or wavy 
ribs; variations in normal development that were com- 
mon in untreated animals were termed developmental 
variants, e.g., supernumerary ribs. Reduced ossifica- 
tion was classified separately from other skeletal var- 
iants since we wished to distinguish a process that 
only delayed fetal maturation from one that altered 
fetal morphology. 

Mean weight gain, fetal length, fetal weight, num- 
ber of implantations (total of live and dead fetuses 
plus resorptions), and live fetuses per litter were 
determined for all pregnant dams. Indices of repro- 
ductive loss, i.e., resorptions and fetuses dead in 
utero, equivalent to human abortions and stillbirths, 
respectively, were calculated for each female as per- 
centages of the total number of implantations. The 
percentage of affected fetuses in each litter for each 
type of abnormality was computed. The means for 
each group were then determined. The litter was used 
as the basic experimental unit. Variables expected to 
have a normal distribution, i.e., weight, length, im- 
plantations, and live fetuses per litter, were analyzed 
by analysis of variance; the statistical significance of 
inter-group differences was determined by the Neu- 
man-Keuls post-hoc test. Variables not expected to 
have a normal distribution, i.e., indices of reproduc- 
tive loss and percentages of fetuses with morphologic 
abnormalities, were analyzed by the Mann-Whitney 
U test. The colony control and treatment control 
groups were compared with each other, and each 
methoxyflurane treatment group was compared with 
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the treatment control group for that experiment; p < 
0.05 was considered statistically significant. 


Results 


Dams exposed to 2000 ppm of methoxyflurane 
became hyperactive, then slept during exposures and 
awakened approximately 15 minutes after exposures 
were terminated. The behavior of dams at the lowest 
two cosages was not affected by exposure. One dam 
exposed to 2000 ppm was found dead on the morning 
of day 7 of pregnancy; the cause of death could not 
be determined. Otherwise, there were no apparent 
adverse maternal effects associated with methoxyflur- 
ane exposure at any of the dosage levels studied. The 
overall pregnancy rates were similar in all five groups. 

Examination of the reproductive indices (Table 3) 
failed to reveal any differences between colony con- 
trol and treatment control groups except that there 
was a higher percentage of resorbed fetuses in the 
treatment controls (10.0 vs 5.0). However, in other 
studies from our laboratory,” resorption rates 
among both colony and treatment control groups have 
averaged 10.0 + 0.6%. Thus, the difference in resorp- 


Methwxyflurane exposure did not affect dam 
weight gain, number of implantations and live fetuses 
per litte, percentage of fetuses resorbed, or overall 
reproductive loss (resorptions plus dead fetuses). An- 
imals exposed to 2000 ppm had a higher percentage 


TABLE 3 


Reproductive Indices following Methoxyflurane Exposure 
(mean x 3E) 


Methoxyflurane 


Treat- 
Colony "nont 
control 2000 
control 2 ppm 60 ppm 
(group ppm 
(group (group (group 
1) (group 
2) 3) 4) 
5) 
No. of fem: les 38 36 23 27 28 
Pregnancyrate (96) 95 83 83 93 85 


Dam weigl- gain (g) 26.0 24.8 24.1 25.0 22.4 
Implantaticas/dam 11.6 12.2 12.0 12.5 12.5 
Live fetuses /litter 10.9 10.9 19.1 11.4 11.3 


Reproduct ve loss: 


Resorbe- (96) 5.0 10.0 15.1 8.8 7.9 
del +1.6 +2.7 «2.1 +1.6 

Dead in Utero (96) 1.0 0.0 0.3 0.7 5 
+0.5 +0.0 +0.3 +0.5 +1.0° 


Mean fetd weight 1.36 1.34 1.93 1.32 1.02 





tion rates in the present study reflects a lower than Um d fet.1 length pou p rd pu 206. 
normal rate in the colony controls, and it probably is (mm) +0.1 £02 40.2 +03 +0.2° 
a chance occurrence. * p< C05 vs treatment control. 
TABLE 4 
Fetal Abnormalities following Methoxyflurane Exposure 
Colony Treatmera Methoxyflurane 
control control 5m 60 ppm 2000 ppm 
grup: groune Groan 3) ‘arcu 4) bie 5) 
No. of litters 36 30 25 25 28 
External examination 
No. of fetuses 393 329 253 285 260 
Any external abnormality * 2.3 2.4 3.0 2.9 2.7 
Runt 1.1 0.8 2.6 0.3 1.6 
Major malformation 0.0 1.1 0.4 0.3 0.3 
Minor anomaly 1.2 0.5 0.4 0.3 0.7 
Skeletal examination 
No. of fetuses 261 221 166 191 173 
Any skeletal abnormality * 33.4 36.7 40.0 31.7 97.21 
Major malformations 0.0 0.0 0.0 0.0 0.0 
Minor anomaly 1.7 1.1 1.1 2.5 14.07 
Developmental variant 28.3 28.9 24.0 - 222 39.9 
Decreased ossification 6.1 12.1 21.4 12.3 96.0T 
Internal examination 
No. of fetuses l 132 108 87 94 87 
Any internal abnormality * 30.0 34.8 55.81 31.9 61.01 
Major malformation 0.0 0.0 0.0 0.0 0.0 
Minor anomaly 3.0T 10.1 17.7 10.0 13.8 
Developmental variant/IRPC£ 29.3 27.9 45.81 26.9 57.81 


* Mean percent of abnormal fetuses per litter. 
T p < 0.05 vs treatment control. — 
+ IRPC, Increased renal pelvic cavitation. 
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of fetuses dead in utero than did treatment controls. 
Mean weight and length of surviving fetuses were 
decreased, by 24% and 10%, respectively, in the high 
exposure group only. 

The results of fetal morphologic examination are 
presented in Table 4. The percentage of minor anom- 
alies found on internal examination was higher in 
treatment controls than in colony controls, although 
no specific type of anomaly predominated. Other- 
wise, the two control groups did not differ. At the 2- 
ppm exposure level, there was an increased incidence 
of developmental variants on internal examination, 
specifically, delayed renal maturation (increased renal 
pelvic cavitation). At 60 ppm, there were no signifi- 
cant adverse effects on fetal morphologic develop- 
ment. Fetuses from dams exposed to 2000 ppm, how- 
ever, had a greatly increased incidence of minor skel- 
etal abnormalities (i.e., bent, wavy, and fused ribs, 
and fused vertebrae), decreased ossification, and a 
greater incidence of increased renal pelvic cavitation. 


Discussion 


In the present study, daily exposure of mice to trace 
(2 ppm) and subanesthetic (60 ppm) concentrations of 
methoxyflurane during the period of fetal organoge- 
nesis had no effect on fetal viability at term, mean 
fetal weight, or the incidence of major or minor 
developmental abnormalities. The only finding at the 
2-ppm exposure, delayed renal pelvic maturation, was 
probably a chance occurrence, since a similar effect 
was not observed following exposure to 60 ppm and 
overall fetal development was not retarded. In contrast 
to the lack of effects at low-dose exposure, exposure 
to an anesthetic concentration (2000 ppm) resulted in 
marked developmental retardation and an increased 
incidence of minor morphologic anomalies. Overall 
reproductive loss (resorptions and dead fetuses) was 
not increased. The increased incidence of fetuses dead 
in utero following the 2000-ppm exposure is, in part, 
a result of the low incidence of fetal deaths in the 
treatment control group in this study; in other studies, 
the incidence of fetal deaths in control litters has 
ranged from 0.0% to 2.3% (reference 9 and R. Whar- 
ton, unpublished datz). 

It is of interest that all morphologic abnormalities 
involved the fetal skeleton, since fetal plasma levels 
of inorganic fluoride increase following methoxyflur- 
ane exposure,'* ? and fluoride has a high affinity for 
fetal bone. However, the developing skeleton fre- 
quently is more sensitive than other organ systems to 
the effects of teratogenic agents and may be the only 
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organ affected." Thus, the abnormalities seen in the 
present study are not necessarily related to methox- 
yflurane metabolism to inorganic fluoride. 

The results of the present study are similar to those 
reported by Pope et al,® who examined methoxyflur- 
ane fetotoxicity in Sprague-Dawley rats exposed for 
8 hours/day on days 1 to 21 gestation. Average fetal 
weight was decreased following exposure to 100, 400, 
and 800 ppmy; the highest two doses also resulted in 
decreased fore-limb ossification, indicating retarda- 
tion of fetal development. Neither reproductive loss 
nor the incidence of gross skeletal anomalies was 
increased. The observed effects were similar to those 
produced by exposure to comparable concentrations 
of halothane, nitrous oxide, or a halothane-nitrous 
oxide mixture. Thus, with the exception of slight 
developmental retardation resulting from exposure to 
high subanesthetic concentrations, there is no evi- 
dence that gestational exposure to trace or subanes- 
thetic exposure of methoxyflurane poses a reproduc- 
tive hazard. 

It is not known whether the effects observed at 
anesthetic concentrations in this study resulted from 
a direct toxic effect of methoxyflurane and/or its 
metabolites on developing embryonic tissue, or 
whether they were indirect effects resulting from 
maternal stress, impaired nutritional status, or general 
anesthesia-related physiologic alterations, such as hy- 
potension, hypoventilation, metabolic depression, or 
decreased uterine blood flow. We believe these are 
indirect effects since similar defects have occurred 
following exposure to high subanesthetic and anes- 
thetic concentrations of other agents.* 9 ? In a pre- 
vious study’ we demonstrated that gestational expo- 
sure of mice to subanesthetic concentrations of halo- 
thane was neither teratogenic nor embryolethal; how- 
ever, exposure to an anesthetic concentration (1.0%) 
was lethal to 60% of pregnant females, and it was 
embryolethal or teratogenic in all litters of surviving 
dams.'? Similarly, gestational exposure to enflurane, 
1.096, resulted in developmental retardation and in- 
creased incidences of cleft, palate and lumbar ribs; 
exposure to lower concentrations had no detectable 
effect.? In other studies, nitrous oxide was found to 
be teratogenic and embryolethal in Sprague-Dawley 
rats when administered at concentrations of 50% to 
70% for 24 hours or longer during midgestation.* ” !? 
Thus, all inhalational anesthetics in current use, when 
administered to pregnant animals at anesthetic or 
near-anesthetic concentrations for sufficient duration, 
can produce embryotoxic effects. The similarity of 
the embryotoxic effects suggests that they may be 
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characteristic of all anesthetics and that they may 
occur by a common mechanism. Furthermore, the 
similar anesthetic potencies at which fetal effects are 
observed suggests that embryotoxicity may be closely 
related to anesthetic action. However, the fact that 
embryotoxic effects are produced at anesthetic or 
near-anesthetic drug concentrations cannot be used 
to infer that similar effects will follow exposure to 
trace or subanesthetic concentrations., 

What relevance do these results have to humans? 
The mechanisms by which drugs may affect embry- 
onic development, are similar in all mammalian spe- 
cies. Therefore, drugs that are embryotoxic in one 
species are frequently found to be embryotoxic in 
others, and those that are safe in several species are 
likely to be safe in others. However, species differ- 
ences in sensitivity to teratogenic agents may exist, 
due to differences in maternal and fetal metabolism, 
placental function, and susceptibility of developing 
embryonic structures to toxic substances. Thus, this 
study demonstrating that gestational exposure to sub- 
anesthetic concentrations of methoxyflurane is nei- 
ther teratogenic nor embryotoxic in mice is reassuring, 
but cannot provide absolute evidence of safety in 
man. 
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Effect of Halothane, Enflurane, and 
Nitrous Oxide on Tracheal Ciliary 


Activity in Vitro 
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LEE, K. S., AND PARK, S. S.: Effect of halothane, enflurane, and nitrous oxide on tracheal 


ciliary activity in vitro. Anesth Analg 59:426-430, 1980. 


Effects of halothane, enflurane, and nitrous oxide on cillary beats were evaluated using a 
photoelectric system in dissected rabbit tracheal segments. Dose-dependent suppression of 
the frequency of ciliary beats of moderate degrees was observed after exposure of tracheal 
segments to warmed and humidified vapors of halothane and enflurane. No suppression, 
however, was noted after exposure to nitrous oxide. These findings eo that halothane 


and enflurane directly suppress ciliary activity. 


Key Words: LUNG: tracheal cilia; ANESTHETICS, Volatile: halothane; ANESTHETICS, Volatile: enflurane; ANES- 


THETICS, Gases: nitrous oxide. 


ULMONARY atelectasis, pulmonary infection, as 

well as damage of the tracheal mucosa are recog- 
nized postoperative complications. These complica- 
tions have been attributed in part to the disturbance 
or failure of mucociliary clearance. Maintenance of 
efficient ciliary activity throughout the respiratory 
tract is probably an important factor in the prevention 
of the accumulation of secretions and postoperative 
pulmonary complications. 

Suppression of ciliary activity by inhalation anes- 
thetics has long been recognized. In 1928 Hill’ re- 
ported that ether and chloroform inhibited ciliary 
activity. Proetz,” however, attributed the ciliosuppres- 


* Instructor in Anesthesiology, Albert Einstein College of Med- 
icine; Attending Anesthesiologist, Pelham Bay General Hospital, 
Bronx, New York. 

T Associate Professor of Medicine, Albert Einstein College of 
Medicine. 

Supported in part by National Institutes of Health grant HL 
18308. 

Received from the Albert Einstein College of Medicine, Depart- 
ments of Medicine and Anesthesiology, 1300 Morris Park Ave, 
Bronx, New York 10461. Accepted for publication February 9, 
1980. Presented at the Annual Meeting of the American Thoracic 
Society, Boston, 1978. 

Reprint requests to Dr. Park. Pulmonary Division, Department 
of Medicine, Van Etten Hospital, Room 612, Pelham Parkway and 
Eastchester Rd., Bronx, NY 10461. 


426 


ANESTHESIA AND ANALGESIA 
Vol 59, No 6, June 1980 


sive effect of ether vapor to the cooling of the tracheal 
tissue by ether vapor rather than to a specific action 
of ether on the ciliary activity. In 1962, Rivera? stated 
that usual concentrations of nitrous oxide have no 
significant effect on ciliary activity. In 1974, Nunn et 
al^ evaluated the ciliosuppressive effects of inhalation 
anesthetics in Tetrahymena pyriformis. They meas- 
ured the speed of swimming produced by ciliary 
motion as an index of ciliary activity and found that 
six inhalation anesthetics (trichloroethylene, chloro- 
form, methoxyflurane, halothane, diethyl ether, and 
cyclopropane) suppressed swimming speed at anes- 
thetic concentrations. Recently, Forbes? and Patrick 
and Stirling? demonstrated ciliosuppressive effects of 
halothane in dogs and rats, respectively, by measuring 
movement of radioactive marker substances depos- 
ited on the trachea. Using'a similar method, Forbes 
and Horrigan’ further reported that dose-dependent 
suppression of mucus flow rate was produced by 
enflurane as well as by halothane. In additional stud- 
ies by Forbes and Gamsu,?? 1.2 MAC of halothane or 
diethyl ether suppressed clearance of tantalum de- 
posited in the central and peripheral airways. Thio- 
pental also suppressed tantalum clearance when it 
was used for a prolonged period at an equivalent 
anesthetic dose." 
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Recently, in our laboratory a method for direct 
measurement of ciliary beats in mammalian tracheal 
segments has been developed by modifying the 
method described by Dalham and Rylander.”® Using 
this method, we studied the effects of halothane, 
enflurane, and nitrous oxide on the frequency of 
ciliary beats in rabbit tracheal segments. 


Methods 


Apparatus for Measurement of Ciliary Beats 


The photocell method developed by Dalham and 
Rylander”? and Rylander’! was modified by the ad- 
dition of a dissecting microscope-television camera 
monitoring system.” Fig. 1 shows the apparatus used 
for the study. 

Incident light reflected on the surface of the cilia 
beating in waves generates microscopically visible 
oscillating light images. Through a television camera 
placed in the ocular tube of a 50-power dissecting 
microscope, the oscillating light image is transmitted 
to a television monitor. The angle and intensity of the 
light source can be varied so as to produce the sharp- 
est image of the reflected light with a minimal back- 
ground light intensity on the monitor screen. The 
final magnification by the microscope-television 
monitor system is X 140. The transmitted light signal 
is picked up by a photosensitive cadmium sulfide cell 
(Phillips ORP 61) placed directly over the image on 
the television monitor. The output from the photocell 
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FiG 1. Apparatus used for the study. Main part of the apparatus 
consisis of a temperature and humidity-controlled chamber (1) 
and a dissecting stereomicroscope (2) with a television camera 
(3) placed into one of the ocular tubes shown in the center. The 
photoelectric monitoring system consists of a television monitor 
(4) with a photocell (5) attached to the surface of the screen, an 
amplifier (6), and a recorder (7) shown on the left. Remaining 
apparetus shown on the right are an air curtain (8), hand 
nebulizer (9), and circulating water bath (10). 


is fed into an amplifier which filters out the high 
frequency component (greater than 40 cycles per sec- 
ond) related to the oscillating electron beam of the 
monitor's picture tube, leaving only the lower fre- 
quency component related to the ciliary beat. The 
output from the amplifier is fed into an oscilloscope 
and recorded. 

For in vitro observation of ciliary beats, a temper- 
ature- and humidity-controlled chamber was con- 
structed. The chamber is made of transparent Plexi- 
glas and has a round well (8 cm diameter, 2 cm deep) 
surrounded by a circulating temperature-controlled 
water jacket. The well is covered by a removable 
transparent plastic lid with an inlet tube for applica- 
tion of aerosolized or gaseous agents and an outlet 
hole for the exit of these agents. 

Using a Bennett temperature-regulated humidifier 
connected to the anesthesia machine, the anesthetic 
gas mixtures were warmed and humidified before 
delivery into the exposure chamber. The temperature 
of the anesthetic gas mixture was monitored by a 
Tele-thermometer (Yellow Springs Instrument Co) at 
the inlet tube and was maintained equal to or slightly 
higher than that of the water circulating the exposure 
chamber (37 C). This precaution was necessary to 
prevent drying of the tracheal tissue. The flow rates 
of anesthetic gas mixtures averaged 8 L/min. 

Condensation of water vapor on the inner surface 
of the covering lid was prevented by heating the lid 
to a temperature slightly above the circulating water 
temperature. This was conveniently achieved using 
the Air Curtain Incubator (Sage Instruments Division, 
Orion Research Inc, Cambridge, MA). This system 
senses and maintains the surface temperature of the 
lid by intermittently blowing heated air onto it. 


Protocol 


Each rabbit was anesthetized by intravenous infu- 
sion of 15 mg of pentobarbital per kilogram of body 
weight. A 3- to 4-cm long section of trachea was 
removed and divided into four segments. One of the 
cut segments was immediately placed in a humidity- 
and temperature-controlled chamber. The remaining 
segments were wrapped with gauze moistened with 
physiologic saline and were kept in a Petri dish at 
room temperature to be used for later experiments. 
Ciliary beats were continuously monitored for about 
30 minutes until they became stable. Warmed and 
humidified air-halothane vapor mixture was then in- 
troduced into the chamber, starting with 096 halothane 
and then increasing successively to 0.8%, 1.6%, 2.4%, 
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and 3.2%. The 0.8% halothane corresponds to 1 MAC 
established in humans”? and rabbits.’* The period of 
exposure to each ccncentration of halothane was 8 to 
10 minutes. Ciliary beats were recorded toward the 
end of each period. Observations were repeated using 
14 tracheal segments obtained from four different 
rabbits. In a separate experiment, a single exposure to 
halothane at a concentration of 3.2% was carried out 
in six additional tracheal segments. 

Using the same protocol, exposure to enflurane-air 
mixtures of successively increasing concentrations 
(0%, 1.6%, 3.2%, 4.8%, and 6.4%) was carried out in 15 
tracheal segments. The 1.6% enflurane corresponds to 
1 MAC established in human.” Exposure to nitrous 
oxide was similarly carried out in an additional ten 
tracheal segments using concentrations of 0%, 50% to 
65%, 75%, and 80% to 90%. Oxygen was used as a 
background gas for nitrous oxide except for the con- 
trol measurements which were carried out in room 
air. 

To evaluate reversibility of ciliary suppression, 
groups consisting of four tracheal sections were sep- 
arately exposed to four MAC concentrations of hal- 
othane or enflurane and then re-exposed to the 
warmed humidified air. 

Calibration of the anesthetic vaporizer was carried 
out individually for each anesthetic agent used with 
the resulting concentrations monitored by gas chro- 
matography (Perkin-Elmer). 

Examples of records of the ciliary beats are shown 
in Fig. 2. Each oscillation corresponds to the fluctuá- 
tion of intensity of the light reflected on the beating 
cilia. By counting the frequency of oscillations over a 
period of 1 second (five blocks) the number of ciliary 
beats was determined. At each concentration of an- 
esthetics, five or more determinations of ciliary beats 
as mentioned above were obtained and the values 
were averaged. 


Reproducibility and Statistical Analysis 


Reproducibility of the measurements was evaluated 
using three tracheal segments obtained from the same 
rabbit. Each segment was separately exposed over a 
3-hour period in the warmed and humidified air and 
the ciliary beats were monitored at 8- to 10-minute 
intervals. In a given spot of the tracheal section, ciliary 
beats became stable within 30 minutes after the sec- 
tion was placed into the chamber and remained stable 
over the 3-hour period monitored. The coefficient of 
variation of ciliary beats was 396. 

Despite the good reproducibility of ciliary beat 
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counting, there was a considerable variation in the 
control ciliary beats (14 to 24 beats per second) among 
the rabbits and also, to a lesser extent, among the 
tracheal sections from the same rabbit. Because of 
these variations of control values, all data of ciliary 
beats were expressed as percent of the control fre- 
quency of ciliary beats obtained in each tracheal 
section. 


Results 


The effects of halothane, enflurane, and nitrous 
oxide on the frequency of ciliary beats are shown in 
Table 1. Whereas no ciliary suppression was noted 
after exposure to various concentrations of nitrous 
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Fig 2. Record of ciliary beats. Each oscillating signal corre- 
sponds to the reflected light from a group of beating cilia. The 
time interval between the vertical lines is 0.2 second. (The heavy 
horizontal line in the lower panel represents a baseline for 
adjustment of the amplifier gain.) 
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TABLE 1 


Effects of Halothane, Enflurane and Nitrous Oxide on 
Frequency of Ciliary Beats* 


Halothane concentration 0.8% , 1.696 2.496 3.296T 
No of observations | 14 14 14 14 


Mean + SE 93 £ 1.6 83+ 3.0 78 -- 3.8 75+ 4.0 
Enflurane concentration 1.696 3.296 4.896 6.496 

No of observations 15 15 15 15 

Mean + SE 9123.6 80+2.7 74426 70+ 3.2 
Nitrous oxide concentra- 50-64% 75% 80% 85-90% 

tion 
No of observations 10 10 13 10 
Mean + SE 99 + 2 98+2 100+1 100-3 


* Values are means + 1 SE of ciliary beats expressed as percent of 
control beat frequency. 

7 in six separate experiments in which the tracheal segments were 
exposed to 3.2% halothane in one step without prior exposure to lower 
concentrations of halothane mean value was 74 + 2.9. 
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oxide, ranging from 50% up to 90%, increasing sup- 
pression of ciliary beat frequency was observed after 
exposure to successively increasing concentrations of 
halothane and enflurane. Ciliary suppression of sim- 
ilar degrees was observed at 3.2% halothane, whether 
this concentration was reached in one step from zero 
concentration or through steps of exposure to succes- 
sively increasing concentrations of halothane. 

Dose-response relationships for halothane and en- 
flurane are shown in Fig 3. The frequencies of the 
ciliary beats are linearly related to log dose expressed 
in MAC. The correlation coefficient was 0.52 for 
halothane and 0.57 for enflurane; they are highly 
significant (p < 0.01). Although halothane showed 
slightly less steep slope and higher Y estimate at 2 
MAC than enflurane, the differences were not statis- 
tically significant. 

The results of experiments carried out to evaluate 
the reversibility of ciliary suppression are shown in 
Table 2. Both the halothane- and enflurane-induced 
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MAC 
Fic 3. Effect of halothane and enflurane on ciliary beats. Each 
point represents the mean ciliary beats, in percent of control 
values, obtained at each MAC of halothane (H) or enflurane (E). 
Least square regression lines computed from the data are 
shown. The 9596 confidence intervals of the slope and Y esti- 
mate at 2 MAC are, respectively, —30.4 + 12.8 and 83.5 + 2.9 
for halothane and —35.0 + 13.3 and 80.3 + 3.0 for enflurane. 





TABLE 2 


Reversibility of Ciliary Suppression by Halothane and 
Enflurane* 


Control 4 MAC Recovery 
Halothane 14.4 11.2 12.8 
13.8 10.3 13.0 
16.2 14.4 16.5 
15.6 10.5 15.8 
Enflurane 13.8 7.7 12.2 
16.8 13.0 16.0 
12.5 9.0 12.0 
16.0 12.5 14.8 


* Values are ciliary beats per second. 


ciliary suppression reverted to control values after re- 
exposure to warmed and humidified air. 


Discussion 


Clearance of marker substances deposited on the 
airways has been measured to assess the ciliosup- 
pressive action of general anesthetics in vivo. Al- 
though this method has merit as an index of overall 
efficiency of mucociliary clearance, it lacks specificity 
as an index of ciliary activity. Besides the alteration in 
the ciliary activity, changes in the physical properties 
of mucus secretions also affect the efficiency of mu- 
cociliary clearance. As hypothesized by Lucus and 
Douglas’? the mucociliary transport system is covered 
by a double layer consisting of a superficial viscid 
sheet of mucus and an underlying layer of serous 
fluid. The cilia beat in the serous fluid and interact 
with the mucus layer above, producing transport of 
mucus. Although the exact mechanisms are -not 
known, the ciliary-mucus interaction has been consid- 
ered an important factor determining the efficiency of 
the mucus flow. In support of this hypothesis, Sade 
et al" have shown that a dissected frog palate becomes 
depleted of its mucus layer soon after death and loses 
its capacity to transport particles deposited on it, even 
though the cilia continue to beat for a long time. We 
confirmed this in our rabbit tracheal sections. It is 
likely that the tracheal sections employed in our study 
were largely depleted of mucus by the time the ciliary 
beats were counted. In such a mucus-depleted prep- 
aration, little mucus-cilia interaction is expected to 
occur, and the decrease in the ciliary beats observed 
after exposure to halothane and enilurane may largely 
be attributed to a direct action of these agents on the 
mechanisms of ciliary activity. 

The extent of suppression of ciliary beat frequency 
by halothane and enflurane was relatively mild and 
was linearly related to log dose. In contrast in vivo 
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studies of halothane and enflurane by Forbes? and 
Forbes and Horrigan’ showed more pronounced de- 
celeration of mucus flow which was linearly related 
to arithmetic rather than log MAC concentrations. 
Because of the limited understanding of the mecha- 
nisms of cilia-mucus interaction, it is difficult to assess 
the implication of these findings. It is conceivable that 
different methods evaluate different aspects of the 
complex multiple regulatory mechanisms involved in 
the mucociliary clearance. It is not known whether 
halothane and enflurane have direct action on the 
mucus secretions. Such a direct action, should it exist, 
may contribute to the suppression of mucus flow rate 
in vivo, perhaps interacting with the direct ciliosup- 
pressive effect of these agents. 

Although the frequency of ciliary beats is an im- 
portant part of the ciliary function, additional infor- 
mation regarding the forcefulness of ciliary beats is 
essential for full understanding of ciliary function. It 
may be speculated that a decrease in the frequency of 
beating may be associated with a concomitant de- 
crease in the force of ciliary beats. Combination of 
these two factors may account for the pronounced 
impairment of the mucus flow rate mentioned above. 
Additional studies are required to understand the 
complex aspects of mucociliary clearance mecha- 
nisms. 

In contrast to halothane and enflurane, nitrous 
oxide had no suppressive effect on the ciliary beats. 
The reason for the difference is not clear. It may be 
that, because of the low potency of the nitrous oxide, 
the concentration required for suppression may not 
have been reached under the experimental conditions 
employed. 
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Atropine-neostigmine and glycopyrrolate-neostigmine mixtures used in 54 premedicated pa- 
tients for reversal of non-depolarizing neuromuscular blockade were compared for their ef- 
fects cn postanesthetic arousal times. Anesthesia was induced in all patients with thiopental 
and was maintained with N2O-O;s. Atropine-neostigmine significantly delayed arousal for the 
first 30 minutes following cessation of anesthesia and reversal of neuromuscular blockade. 
The diference between the two mixtures following reversal of neuromuscular blockade is 
attributed to the fact that atropine is a tertiary amine that crosses the blood-brain barrier and 
delays arousal, whereas glycopyrrolate is a quaternary ammonium compound that does not 


cross this barrier. 


Key Words: PARASYMPATHETIC NERVOUS SYSTEM: glycopyrrolate and atropine; NEUROMUSCULAR RELAX- 


ANTS: reversal; RECOVERY: glycopyrrolate and atropine. 





MIXTURE of atropine and neostigmine has 

been recommended for reversal of non-depo- 
larizing neuromuscular blockade in man.’ The mix- 
ture results in a transient initial tachycardia followed 
by bradycardia but without serious cardiac arrhyth- 
mias? Glycopyrrolate-neostigmine has been sug- 
gested as an alternative mixture for reversal of neu- 
romuscular blockade.*'? It produces less initial tach- 


* Professor and Chairman, Department of Anesthesiology, 
American University of Beirut, Beirut, Lebanon. 

f Third Year Resident, Department of Anesthesiology, Ameri- 
can University of Beirut, Beirut, Lebanon. 

t Assistant Professor, Department of Anesthesiology, American 
University of Beirut, Beirut, Lebanon. 

§ Professor and Chairman, Department of Anesthesiology, Uni- 
versity of Illinois, Chicago, Illinois. 

Received from the Department of Anesthesiology, Ámerican 
University of Beirut, Beirut, Lebanon. Accepted for publication 
Februa-y 18, 1980. 

Rep-int requests to Dr. Baraka. 


ycardia followed by less bradycardia than the atro- 
pine-neostigmine mixture. The incidence of arrhyth- 
mias is similar following either mixture.^? The anti- 
sialogogue action of glycopyrrolate-neostigmine mix- 
ture is superior to that of atropine-neostigmine.? 

Glycopyrrolate is a quaternary ammonium com- 
pound that does not cross the blood-brain barrier,? 
whereas atropine is a tertiary amine which can cross 
the blood-brain barrier and hence may produce the 
central anticholinergic syndrome characterized by 
drowziness, disorientation, and hallucinations.’ The 
present report scores and compares postoperative 
arousal times when glycopyrrolate-neostigmine and 
when atropine-neostigmine mixtures are used for re- 
versal of neuromuscular blockade. 


Methods 


Fifty-four healthy adult female patients undergoing 
gynecologic operations were studied. All patients 
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were teetotalers; none was receiving medications act- 
ing on the central nervous system. Patients were 
divided in a random fashion into two groups of 27 
patients each. Both groups were comparable insofar 
as age, weight, and type and duration of anesthesia 
were concerned (Table 1). 

All patients were premedicated with meperidine, 
75 mg, and promethazine, 25 mg IM, 45 to 60 minutes 
prior to induction of anesthesia. In both groups, an- 
esthesia was induced with thiopental, 4 mg/kg, fol- 


lowed by succinylcholine, 1.5 mg/kg. After tracheal | 


intubation, anesthesia was maintained with 70% ni- 
trous oxide in oxygen supplemented by the non- 
depolarizing neuromuscular blocking agent, alcuron- 
ium, 0.25 to 0.5 mg/kg. 

In group 1, premedication was supplemented by 
atropine, 0.4 mg IV, immediately before induction; in 
group 2, glycopyrrolate, 0.2:mg, was given. At the end 
of the operation, the neuromuscular block was antag- 
onized in group 1 by a mixture of atropine, 0.02 mg/ 
kg, and neostigmine, 0.05 mg/kg; in group 2 a mixture 
of glycopyrrolate, 0.01 mg/kg, and neostigmine, 0.05 
mg/kg, was used for antagonism. 

Arousal following termination of anesthesia and 
antagonism of neuromuscular blockade was observed 
and scored at 5-minute intervals for the first half hour 
and at 10-minute intervals thereafter. Arousal was 
scored by a senior anesthesiologist unaware of the 
treatment administered. The scoring system used is 
shown in Table 2. Comparisons of arousal scores 
between the two groups were made using the test of 
significance of difference between two proportions. 


Results 


The distribution of patients according to the arousal 
scores obtained in both the atropine-neostigmine and 
the glycopyrrolate-neostigmine groups at different 
time intervals following reversal of neuromuscular 
blockade, is illustrated in the histogram (Figure). 

Five minutes following reversal of the neuromus- 
cular relaxant, none of the patients were in stages 4 or 
5; the majority of patients in both groups were in 


TABLE 1 


stage 3, ie. asleep but responsive to verbal and 
painful stimulation (Table 3). In this stage were 59.2% 
of the patients given glycopyrrolate and 81.5% of the 
patients receiving atropine (p > 0.05). . 

As shown in Table 3, the rate of arousal from stage 
3 was more rapid with glycopyrrolate than with atro- 
pine. At 10 minutes, 11.1% of the patients given 
glycopyrrolate were still in stage 3, in contrast with 
59.2% of those given atropine (p « 0.001). At 15 
minutes, only 3.7% of the patients given glycopyrro- 
late were still in stage 3, in contrast with 37% of those 
given atropine (p « 0.01). 

After 15 minutes, as shown in Table 4, the per- 
centage of patients who were completely awake, did 
not feel sleepy, and initiated conversation (stage 1) 
was significantly greater after glycopyrrolate than 
after atropine had been used. At 20 minutes, 44.4% of 
those given glycopyrrolate had reached stage 1, while 
only 18.396 of those given atropine had reached this 
stage (p « 0.05). At 25 minutes, 59.2% of the patients 
given glycopyrrolate had reached stage 1, while only 
29.6% of those given atropine had reached this stage 
(p < 0.05). At 30 minutes, 66.6% of those given 
glycopyrrolate group had reached stage 1, while only 
40% of those given atropine had reached this stage 
(p = 0.05). After 30 minutes, there was no significant 
difference between the two groups. 


TABLE 2 
Arousal Scoring System 


Stage Description 


Q1 Awake; does not feel sleepy and initiates conversa- 


tion. 

2 Awake, but feels sleepy and does not initiate conver- 
sation. 

Jd X Asleep, but responds to both verbal and painful stimu- 
lation. 


4 Asleep, but responds only to painful stimulation. * 
5 Asleep, but does not respond to either verbalt or pain- 
ful stimulation. 


* Painful stimulation = pinching the skin. 
+ Verbal stimulation = calliifg her name. 


Mean Age, Weight, and Duration of Anesthesia of Groups 1 and 2* 





x 


Mean age Mean weight Mean duration of anesthesia 
kg min 
Group 1 (atropine) 34.59 + 12.21 63.19 + 7.39 71.48 + 47.41 
Group 2 (glycopyrrolate) 37.11 + 12.38 61.86 + 9.25 68.92 + 39.88 
t 0.75 0.58 0.46 
p NS NS 





* Values are means + standard deviation. NS indicates no statistically significant difference. 
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FIGURE. Histogram showing the distribution of patients accord- 
ing to the arousal scores obtained at different intervals following 


TABLE 3 


Patients in Both Groups* in Stage 3 (Asleep but Responsive 
to Both Verbal and Painful Stimulation) 5 to 15 minutes 
following Reversal 





Time foliowing reversal 





5 Minutes 10 Minutes 15 Minutes 
Atro- oe. Atro- is Atro- cid 
pue late png late ping late 
No. of pa- 22 16 16 3 10 1 
tients in 
stage 3 
Percentage 81.5 59.2 59.2 11.1 37.0 3.7 
p >0.05 <0.001 <0.01 
Discussion 


The present report demonstrates that arousal fol- 
lowing thiopental induction of N2O-O» anesthesia is 
more rapid when neuromuscular blockade is reversed 
with glycopyrrolate-neostigmine mixture than it is 
when atropine-neostigmine is used. This difference 
can be explained by the fact that glycopyrrolate is a 
quaternary ammonium compound that does not cross 
the blood-brain barrier, whereas atropine is a tertiary 
amine that can cross this barrier and block central 
cholirergic transmission. 

Acetylcholine is a central neurotransmitter that af- 
fects arousal. It has an excitatory action on certain 





25 min. 


C_] STAGE 1 
STAGE 2 
STAGE 3 





40 min. 


terete 
30 min. 


reversal of neuromuscular blockade. See Table 2 for definition 
of stages of arousal. 


cortical cells? and acts on cholino-reactive structures 
widely distributed in the pontomesencephalic reticu- 
lar formation.? Arousal can be elicited by cholinomi- 
metics and blocked by anticholinergics. Thus, anti- 
cholinergics such as atropine that cross the blood- 
brain barrier can produce a central anticholinergic 
syndrome characterized by drowziness, disorienta- 
tion, and hallucinations.’ In unanesthetized patients, 
atropine in doses of 0.5 to 2.0 mg may cause a mental 
withdrawl of the patient from his surroundings, leth- 
argy, a tendency to sleep, and diminution of the 
powers of concentration.'* With larger doses, lethargy 
and dissociation are more frequent and may be as- 
sociated with hallucinations.’ These effects may be 
clinically important in patients recovering from gen- 
eral anesthesia, particularly in patients who are liable 
to develop disorientation such as children," elderly 
patients, or those receiving drugs that may be asso- 
ciated with the central anticholinergic syndrome (phe- 
nothiazines,'* tricyclic antidepressants,” butyrophen- 
ones”). 

We conclude that the glycopyrrolate-neostigmine 
mixture is preferable to atropine-neostigmine for re- 
versal of neuromuscular blockade. Both neostigmine 
and glycopyrrolate are quaternary ammonium com- 
pounds that do not cross the blood-brain barrier, and 
hence the peripheral muscarinic side effects of neo- 
stigmine can be adequately^? and selectively coun- 
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TABLE 4 


Patients in Both Groups* Who Scored 1 (Completely Awake, Did Not Feel Sleepy and Initiated Conversation), 20 to 40 
Minutes following Reversal 





Time following reversal 


20 Minutes 25 Minutes 30 Minutes 40 Minutes 
. Glycopyrro- ; Glycopyrro- ; Glycopyrro- , Glycopyrro- 
Atropine late Atropine late Atropine late Atropine late 
No. of patients in stage 1 5 12 8 16 11 18 17 22 
Percentage 18.5 44.4 29.6 59.2 40.7 66.6 62.9 81.4 
p «0.05 <0.05 =0.05 >0.1 
teracted by glycopyrrolate without affecting post- rolate and atropine across the blood-brain and placental bar- 


riers in anesthetized dogs. Anesthesiology 48:339-344, 1978 
7. Longo VG: Behavioral and electroencephalographic effects of 
atropine and related compounds. Pharmacol Rev 18:965-996, 


anesthetic arousal. 
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and Albert Butler, MDt 


BEDFORD, R. F., PERSING, J. A., POBERESKIN, L., AND BUTLER, A.: Lidocaine or thiopental for 
rapid control of intracranial hypertension? Anesth Analg 59:435-437, 1980. 


The effectiveness of intravenously administered lidocaine for rapid con rol of acute intracranial 

hypertension was compared to the effectiveness of thiopental in 20 patients with brain tumors 

undergoing craniotomy. Despite normal radial arterial and intracranial pressures (ICP) after 

induction of N2O-O2-morphine anesthesia, mean ICP increased from 147.8 torr + 1.5 SE to 31 

torr + 2.3 SE (p < 0.001) in response to application of a pin-holder ot scalp incision. To treat 

the elevated ICP a bolus injection of lidocaine, 1.5 mg/kg IV, was given to 10 patients, 

whereas the other 10 received thiopental, 3 mg/kg IV. Lidocaine reduced ICP 15.7 torr + 5.6 

SE (p < 0.025) but did not significantly affect mean arterial pressure. n contrast, thiopental x 
lowered ICP 18.4 torr + 9.6 SE (p < 0.02) and also lowered mean arterial pressure by 26.1 


torr + 9.6 SE (p < 0.025). Mean time for injection of medication to IC? nadir was 66 seconds 
+ 10 SE after lidocaine versus 48 seconds + 9 SE after thiopental (p> 0.20). It is concluded 
that lidocaine is as effective as thiopental for rapid reduction of intraoferative intracranial 

hypertension but that it causes less cardiovascular depression. Lidoca.ne may be of particular 


benefit to patients with both intracranial hypertension and marcinal circulatory function. 


Key Words: ANESTHESIA: neurosurgical; BRAIN: intracranial pressuwe; ANESTHETICS, Local: lidocaine; ANES- 


THETICS, intravenous: thiopental. 


REVENTION and treatment of acute intracranial 

hypertension is one of the primary goals in the 
neuroanesthetic care of patients with space-occupying 
intracranial lesions. Although use of barbiturates for 
control of intracranial pressure (ICP) has become 
accepted practice,’ their associated depression of the 
cardiovascular, respiratory, and central nervous sys- 
tems renders them less than ideal agents for this 
purpose. Recently we observed a profound reduction 
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in ICP following bolus intravenous administration of 
lidocaine -for treatment of intraoperative ventricular 
irritability. This report describes tke intravenous use 
of lidocaiae for treatment of increased ICP comparing 
these observations with data obtained during thiopen- 
tal treatment of acute intracranial hypertension. 


Methods and Materials 


The pretocol for the use of lidocaine was reviewed 
by the local human studies committee, and informed 
consent was obtained from both the patients and their 
nearest relative. All 20 patients had intracranial mass 
lesions estimated to be larger than 2 cm in diameter 
by CAT-:can. All were receiving steroid therapy and 
were scheduled for elective craniotomy. Preoperative 
medicaticn consisted of intramuscular morphine, 0.1 
mg/kg, d.azepam, 0.1 mg/kg, and atropine, 0.4 mg. 

A suberachnoid pressure screw and radial arterial 
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and central venous cannulae were placed under local 
anesthesia in the operating room and pressures were 
continuously monitored (Bentley model 800 trans- 
ducers) and recorded (Brush model 440 polygraph). 
Intracranial compliance was estimated from the pres- 
sure change induced by an injection of saline solution, 
1 or 2 ml given in 5 seconds through the subarachnoid 
pressure screw. General anesthesia then was induced 
with thiopental (3 to 4 mg/kg) and nitrous oxide (70% 
in oxygen) and was supplemented with intravenous 
morphine 0.1 to 0.5 mg/kg. Endotracheal intubation 
was facilitated with pancuronium (0.1 mg/kg) and 
ventilation was controlled to maintain a constant end- 
tidal CO; concentration (33.2 torr + 1.9 SE). 

Despite what appeared to be satisfactory general 
anesthesia and normal resting arterial and intracranial 
pressure levels, significant intracranial hypertension 
(>25 torr) occurred in response to either scalp incision 
or application of the pin head-holder. After 30 sec- 
onds of sustained intracranial hypertension, 10 pa- 
tients were treated with an intravenous bolus of li- 
docaine, 1.5 mg/kg, whereas the other 10 patients 
were given thiopental, 3 mg/kg. Changes in intracra- 
nial and mean arterial pressure as well as the time- 
span from drug injection to ICP nadir were tabulated. 

Statistical comparisons were performed using Stu- 
dent's t-tests for paired and nonpaired data. 


Results 


The groups treated with thiopental and lidocaine 
proved to be similar with regard to tumor type, age, 
intracranial compliance, and end-tidal CO concentra- 
tion (PerCO») (Table 1). The time for drug injection 
to ICP nadir was slightly longer after intravenous 
lidocaine than after thiopental; a difference which was 
apparent clinically although not statistically signifi- 
cant. 

Both lidocaine and thiopental caused a significant 
reduction in ICP to values which were indistinguish- 
able from those observed prior to surgical stimulation 
(Fig 1). Thiopental simultaneously caused a 26 torr 
reduction in mean arterial blood pressure, whereas 
blood pressure remained unchanged following intra- 


TABLE 


Treatment of Acute intracranial Hypertension Thiopental 
versus Lidocaine 


Thiopental Lidocaine 





47.5 + 5.0 51.1 + 4.4 
6.0 +09 40+ 1.0 
32.6 + 1.9 33.7 + 1.5 
48 29 66 + 10 


Patient age (yr) 

IC compliance (torr /ml) 

PeEELCOS (torr) 

Time from injection to ICP nadir (sec) 
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FiG 1. ICP response to surgical stimulation and subsequent 
treatment with lidocaine and thiopental. 
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treatment 


FiG 2. Mean arterial pressure (MAP) response to surgical stim- 
ulation and subsequent treatment with lidocaine and thiopental. 


Stimulus stimulus 


venous lidocaine (Fig 2). In most instances ICP did 
not again increase >20 torr before the cranium was 
opened, so that it was not possible to document a 
time-action relationship for either lidocaine or thio- 
pental. Fig 3, however, illustrates the record of a 
patient who redeveloped intracranial hypertension 
after successful treatment with thiopental. Lidocaine 
produced a more gradual reduction in ICP which then 
persisted until the cranium was opened. 


Discussion 


Previous studies have shown that intravenous li- 
docaine prevents intracranial hypertension when 
given to anesthetized patients with brain tumors be- 
fore endotracheal intubation’ or to comatose patients 
with closed head injuries before endotracheal suction- 
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Fia. 3. Record of ICP, systemic arterial pressure (SAP), and 
central venous pressure (CVP) in a patient with persistent intra- 
cranial hypertension treated first with thiopental and then with 
lidocaine. 





ing.’ Lidocaine has been shown to be an effective 
cough suppressant,’ and in the presence of tracheal 
stimulation we believe its effect on ICP occurs par- 
tially on this basis. The effect observed in this report, 
however, appears to be mediated through an anes- 
thetic action similar to that described for barbiturates.’ 
Intravenous lidocaine potentiates inhalation anes- 
thetics,” reduces both cerebral oxygen consumption 
and cerebral blood flow, and increases cerebrovascu- 
lar resistance.? Presumably ICP thus decreases in re- 
sponse to a reduction in cerebral blood volume. 
Prior to undertaking this study we had observed 
eight patients with brain tumors who developed ele- 
vated ICP (31.1 torr € 1.9 SE) while undergoing 
craniotemy during No3O-Os-morphine anesthesia. 
The mean duration of the increase in ICP in the 
absence of pharmacologic intervention was 236 sec- 
onds + 43 SE. Thus, it appears that both lidocaine 
and thiopental are capable of gently reducing the 
duration of surgically induced intracranial hyperten- 
sion and, therefore, shorten the time when the brain 
is prone to herniation or low cerebral perfusion pres- 
sure (maan arterial pressure-intracranial pressure). 
Cardiovascular function is depressed by both thio- 
pental” and lidocaine. Our data indicate that at doses 
that are equally effective for control of intracranial 
hypertension during nitrous oxide-morphine anesthe- 
sia, arterial pressure is changed minimally by lido- 
caine, whereas it is significantly reduced by thiopen- 
tal. This could be of particular importance during the 
care of patients with increased ICP and arterial hy- 


potension in whom a further reduction in arterial 
pressure rray compromise cerebral perfusion. Simi- 
larly, wher halothane or enflurane is administered to 
control arterial hypertension and tachycardia, lido- 
caine successfully decreases ICP without further de- 
creasing arcerial pressure (R. F. Bedford, unpublished 
data). 

What about anesthetic management for the patient 
undergoing craniotomy without intracranial pressure 
monitoring? Although prophylactic administration of 
thiopental will prevent intracranial hypertension, its 
cardiovascalar effects may make this a risky under- 
taking in an elderly or critically ill patient. In contrast, 
lidocaine can be given prophylactically before nox- 
ious stimulation; it effectively and safely prevents 
increased ECP in patients with either brain tumors? or 
closed head injuries.? As a result, we now routinely 
administer lidocaine, 1.5. mg/kg IV, 1 minute before 
endotracheal intubation or surgical stimulation when- 
ever patierts are thought to be at risk for developing 
reactive in-racranial hypertension. 

In conclusion, we recommend the use of intrave- 
nous lidocaine for rapid control of intracranial hyper- 
tension in. anesthetized patients with brain tumors. 
The effec of lidocaine on ICP is similar to that 
observed with thiopental, but lidocaine causes less 
depressior of cardiovascular function. 
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Circulatory responses following intravenous diazepam (0.5 mg/kg) and the subsequent addi- 
tion of 50% nitrous oxide were studied in 14 patients undergoing elective aortocoronary 2 
saphenous vein bypass operations. No patient was receiving propranolol. Preanesthetic medi- 
cation was with morphine and scopolamine. Diazepam was continuously infused over a 10- 
minute period. At the conclusion of the infusion, systolic and mean arterial pressures were 
1396 lower than control awake values ( p « 0.05). Heart rate, cardiac output, right atríal 
pressure, pulmonary arterial pressure, pulmonary artery occluded pressure, and systemic and 
pulmonary vascular resistance were not changed. The subsequent addition of nitrous oxide 
resulted in no further statistically significant changes except for a 2.4 torr increase in right 
atrial pressure ( p « 0.05). In contrast, previous data collected from similar patients demon- 


strated significant reductions in blood pressure and cardiac output while systemic and pulmo- 


nary vascular resistance and pulmonary artery occluded pressure were increased when ni- 
trous oxide was added following the administration of morphine (1 to 2 mg/kg). It is con- 
cluded that the observed minimal circulatory changes following diazepam administration and 
thé subsequent addition of nitrous oxide make diazepam-nitrous oxide a valuable alternative 
to a morphine-nitrous oxide induction of anesthesia in patients with coronary artery disease. 


Key Words: HYPNOTICS, Benzodiazepines: diazepam; ANESTHETICS, Gases: nitrous oxide; ANESTHESIA: car- 


diovascular. 


NTRAVENOUS morphine has achieved popularity 

in the anesthetic management of patients with 
cardiac disease. In critically ill patients intravenous 
morphine (0.5 to 2 mg/kg) is appropriate as a sole 
anesthetic, but not for more healthy patients. Al- 
though an excellent analgesic, morphine in these dose 
ranges does not consistently produce loss of con- 
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sciousness and total amnesia is not certain.’ The 
addition of nitrous oxide has been advocated to over- 
come this problem. However, nitrous oxide adminis- 
tration in the presence of morphine (0.6 to 2.8 mg/ 
kg) results in dose-related cardiovascular depression.? 
Also, hypotension may occur during or immediately 
following infusion of morphine (1 mg/kg at 10 mg/ 
min).? Likewise, chest wall rigidity may occur second- 
ary to narcotic administration resulting in a marked 
decrease in chest wall compliance or apnea. 

The present study evaluated circulatory responses 
following intravenous diazepam (0.5 mg/kg) and the 
subsequent addition of 50% nitrous oxide in patients 


am^, 
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with coronary artery disease to determine whether 
diazepam might have advantages over morphine in 
the anesthetic management of patients with heart 
disea$e. 


Methods 


Fourteen patients undergoing elective aortocoron- 
ary saphenous vein bypass graft surgery were studied. 
The study was approved by the Indiana University 
School of Medicine Human Subjects Committee. Dig- 
italis and diuretics had been discontinued 48 hours 
prior to surgery and no patient was receiving pro- 
pranalo.. Preanesthetic medication consisted of mor- 
phine (10 to 15 mg) and scopolamine (0.4 to 0.6 mg) 
intramuscularly 90 minutes prior to anesthetic induc- 
tion. l 

Upon arrival in the operating room, electrocardi- 
ogram leads were attached and peripheral intravenous 
lines and a radial artery catheter were placed. A 7 Fr 
Swan-Ganz thermodilution, flow-directed catheter 
was introduced into the pulmonary circulation via the 
right internal jugular vein. The patients then breathed 
50% oxygen in nitrogen by mask as determined by an 
oxygen analyzer from the anesthetic circuit. The fol- 
lowing measurements were then made: systolic, dia- 
stolic, and mean arterial pressures (SBP, DBP, MAP), 
cardiac output (CO), mean pulmonary arterial pres- 
sure (PAP), mean right atrial pressure (RAP), pul- 
monary artery occluded pressure (PAo), and temper- 
ature (thermistor of Swan-Ganz catheter). Systemic 
and pulmonary vascular resistance (SVR, PVR), car- 
diac index (CI), stroke index (SI), and heart rate- 
systolic blood pressure product (RPP) were calculated. 

After these control measurements, diazepam (0.5 
mg/kg) was administered intravenously over 10 min- 
utes while the patients continued to breathe 50% 
oxygen. Measurements were repeated at the conclu- 
sion of diazepam. Subsequently, nitrous oxide (50%) 
was administered by mask while the patients breathed 
spontaneously. Measurements, including arterial 
blood gases, were repeated after 10 minutes of nitrous 
oxide administration. Although end tidal nitrous ox- 
ide concentrations were not measured, it has been 
demonstrated that end tidal concentrations approach 
90% of inspired concentrations within 3 to 5 minutes 


of administration of nitrous oxide.* Data were ana- - 


lyzed using analysis of variance; p < 0.05 was consid- 
ered statistically significant. 

At the completion of the study, endotracheal intu- 
bation was facilitated with succinylcholine and all 
patients were subsequently given either morphine 


(0.25 to 1.0 mg/kg) or a potent inhalation agent as 
dictated by circulatory responses occurring during the 
operative procedure. 


Results 


The cardiovascular effects of intravenous diazepam 
and the subsequent addition of nitrous oxide are 
summarized in the Table. SBP and MAP decreased 
13% (p < 0.05) following diazepam infusion while 
HR, CO, CI, RAP, PAP, PAo, SVR, PVR, and RPP 
did not change significantly from awake control val- 
ues. 

When compared to measurements at the conclusion 
of diazepam administration, the addition of nitrous 
oxide resulted in no further changes except for an 
increase of 2.4 torr in RAP (p < 0.05). Pao, and 
Paco, at the conclusion of diazepam-nitrous oxide 
administration ranged from 114 to 297 torr (mean 
187) and 41 to 51 torr (mean 45), respectively. No 
patient became apneic nor was there any change in 
chest wall compliance noted. 

Comparing values after diazepam-nitrous oxide ad- 
ministration with awake contro] measurements re- 
vealed small but significant ( p « 0.05) reductions in 
SBP, MAP, RPP, CO, and CI. Clinically, all patients 
failed to respond to verbal commands at the conclu- 
sion of the diazepam-nitrous oxide administration 


_ period. Likewise, no patient had any recall of intra- 


M 


Operative events. 
Discussion 


These data demonstrate that intravenous diazepam 
(0.5 mg/kg) results in minimal circulatory changes 
when administered over 10 minutes to patients with 
coronary artery disease. The only statistically signifi- 
cant change from awake values was the 1396 decrease 
in SBP and MAP. 

The reported hemodynamic effects following di- 
azepam infusion depend on dosage, rapidity of ad- 
ministration, concomitantly administered drugs, and 
basal physiologic state of the patient. The minimal 
reductions in MAP and CI noted in our study agree 
with the findings in a previous report describing 
patients with cardiac disease receiving diazepam (0.6 
mg/kg) intravenously for induction of anesthesia 
prior to myocardial revascularization.t In patients 


+ Prakish R, Thruer R, Vargar A, et al: Cardiovascular effect of 
diazepam in patients for aorto-coronary saphenous vein bypass 
surgery. Scientific Abstracts of the American Society of Anesthe- 
siologists, 1976, San Francisco, pp 263-264. 


ANESTHESIA AND ANALGESIA 
Vol 59, No 6, June 1980 


439 


INTRAVENOUS DIAZEPAM 








TABLE 
Hemodynamic Effects of Diazepam and Diazepam-Nitrous Oxide in Patients with Coronary Artery Disease 
Awake Diazepam (0.5 mg/kg) Nitrous oxide (50%) 

Heart rate (beats/min) 66+3 68 + 2 65°42 
Systolic arterial pressure (torr) 144 +4 125 + 4° 1214 4° 
Diastolic arterial pressure (torr) 81 +2 7423 15+ 3 
Mean arterial pressure (torr) 102 +3 91+ 3* 91+ 3° 
Right atrial pressure (torr) 8.1 + 1.2 7.2 X; 0.2 9.6 + 1.4] 
Systolic pulmonary arterial pressure (torr) 25.1 + 1:8 23.7 X 1.3 23.7 + 1.4 
Diastolic pulmonary arterial pressure (torr) 13.8 + 1.3 12.7 € 0.9 13.6 + 0.8 
Mean pulmonary arterial pressure (torr) 18.4 X 1.4 16.3 + 0.9 17.2 + 02 
Pulmonary artery occluded pressure (torr) {1.5 1.1 10.6 + 1.2 11.94 1.2 
Cardiac output (L/min) §.3 + 0.3 §.1+0.3 4.8 + 0.3* 
Cardiac index (L/min/m?) 2.8 + 0.1 2.7 X 0.1 2.5*04* 
Stroke index (ml/beat/m^?) 43.1 + 1.8 40.6 + 1.7 39.9 + 2.6 
Systemic vascular resistance (dynes-sec-cm™®) 1391 + 97 1344 x 120 1377 + 128 
Pulmonary vascular resistance (dynes-sec:cm^?) 101 x 11 9549 Ore 15 
Heart rate-systolic blood pressure product 9578 + 558 8471 + 418 7743 + 292* 
Paos | 187 + 46 
Pacoo 44.6+1.3 
pH 7.36 





* p < 0.05 compared with awake. 
T p < 0.05 compared with diazepam. 


without known cardiovascular disease, induction of 
anesthesia with intravenous diazepam (0.45 mg/kg) 
had no significant effect on MAP* while larger diaze- 
pam induction doses (0.8 mg/kg) decreased MAP and 
CO.’ Systemic vascular resistance did not change 
following this larger diazepam dose. 

From previous work it may be concluded that 0.5 
mg/kg of diazepam intravenously and 1.1 mg/kg of 
morphine intravenously represent approximately 
equieffective dosages in terms of their ability to de- 
crease MAC in man.?8 In comparable patients with 
coronary artery disease, an induction regimen con- 
sisting of morphine alone (1 mg/kg) decreased MAP 
8% and had no significant effect on CI and SVR,’ 
findings similar to those obtained in the present study 
following diazepam. 

It has been reported? that precipitous hypotension 
requiring vasopressors occurred during or following 
morphine infusion (1 mg/kg at 10 mg/min) in six of 
20 patients with cardiac disease. Although Falk et al' 
have reported a case of precipitous hypotension fol- 
lowing the intravenous administration of 10 mg of 
diazepam over 30 seconds accompanied by the si- 
multaneous administration of 5096 nitrous oxide in a 
patient with coronary artery disease, hypotension has 
been reported less frequently following diazepam 
than after morphine. No patient required vasopressors 


8 Fraioli R, Sheffer L, Steffenson J: The MAC equivalent of 
morphine. Scientific Abstracts of the American Society of Anes- 
thesiologists, 1973, San Francisco, pp 253-254. 


440 


ANESTHESIA AND ANALGESIA 
Vol 59, No 6, June 1980 


during or after diazepam administration in the present 
study. 

The addition of 5096 nitrous oxide following diaze- 
pam in this study did not statistically change any 
circulatory variable as compared with measurements 
after diazepam except for a 2.4 torr increase in RAP. 
Comparison of measurements of cardiovascular func- 
tion after diazepam-nitrous oxide with awake control 
measurements revealed small but statistically signifi- 
cant reductions in SBP (13%), MAP (11%), and CI 
(1196) while SVR did not change. The effects in car- 
diovascular function that might occur as a function of 
time following 0.5 mg/kg of diazepam intravenously 
if nitrous oxide had not been administered were not 
studied. Conceivably, if cardiovascular depression 
had occurred as a function of time following comple- 
tion of the infusion of diazepam but in the absence of 
nitrous oxide, then the absence of further changes in 
cardiovascular function observed by us when nitrous 
oxide was administered, would indicate that nitrous 
oxide actually had a stimulatory effect. Although we 
cannot disprove this possibility, it seems unlikely in 
view of reports"? that described cardiovascular effects 
15 to 25 minutes following intravenous diazepam 
administration (0.1 mg/kg) in patients with coronary 
artery disease. These studies documented either no 
further change or a return to control values in those 
cardiovascular parameters studied 15 to 25 minutes 
after diazepam administration compared to those 
measurements taken 5 minutes after diazepam admin- 
istration. 


p 


McCAMMON, HILGENBERG, AND STOELTING 


We believe comparisons of cardiovascular changes 
observed when nitrous oxide was added to diazepam 
in this study and changes in studies with similar 
experimental protocols which have studied nitrous 
oxide following morphine are clinically pertinent. 
Specifically, Lappas et al'? found the addition of 50% 
nitrous oxide following 2 mg/kg of morphine intra- 
venously resulted in a similar decrease in MAP (9.5%) 
but a greater magnitude of depression of CI (23%) 
than we noted with diazepam-nitrous oxide. Simi- 
larly, Stoelting and Gibbs? noted a greater decrease in 
CI (3496) when 6096 nitrous oxide was administered 
following 1 mg/kg of morphine intravenously when 
compared to our results with diazepam-nitrous oxide. 
Further, McDermott and Stanley? demonstrated that 
patients with cardiac disease who received an average 
dose cf 1.7 mg/kg of morphine (0.6 to 2.8 mg/kg- 
range) exhibited dose-related depressions in cardiac 
output and stroke volume with incremental increases 
in concentrations of nitrous oxide administered (10% 
to 50%). Studies suggest that the cardiovascular 
changes produced by nitrous oxide are exaggerated in 
the presence of morphine, an effect not observed in 
this study when nitrous oxide was added to diazepam. 

The increase in mean Paco, after diazepam-nitrous 
oxide administration to 44.6 torr is similar to that 
previously observed following morphine infusion G 
mg/kg) in patients with coronary artery disease.” 
Nevertheless, rapid infusion of morphine may be 
associated with a decrease in chest wall compliance 
or apnea and large increases in Paco,. In contrast, no 
patient in our study became apneic nor was there any 
clinically detectable change in chest wall compliance, 
and the maximum observed increase in Paco, was 
only 51 torr. 

In this study, diazepam alone and diazepam plus 
50% ritrous oxide had no significant effect on the 
pulmonary circulation. On the other hand, when ni- 
trous oxide is added to morphine (2 mg/kg) PAP, 
PAo, and PVR increased. These changes were at- 
tributed to alpha-adrenergic stimulation produced by 


nitrous oxide. Our data suggest that this response 
does not occur when nitrous oxide is xm by 
diazepam. 

We do not intend to imply that the iso of this 
study indicate that diazepam-nitrous oxide is appro- 
priate as the sole anesthetic for patients with cardiac 
disease. In fact, following induction of anesthesia and 
intubation all patients were given either supplemental 
morphine or a potent inhalation agent during the 
operative procedure. We do conclude, however, that 
induction of anesthesia with diazepam-nitrous oxide 
in patients undergoing myocardial revascularization 
is a practical alternative to morphine-nitrous oxide 
and may offer several advantages. These include min- 
imal cardiovascular changes during induction, a lesser 
incidence of chest wall rigidity or apnea, good relia- 
bility in producing loss of consciousness and amnesia, 
and absence of deleterious effects on the pulmonary 
circulation. 
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Acute Respiratory 
Distress as a 
Complication of Left 
Ventricular Cardiac 
Catheterization 


D. A. Cozanitis, B5cPharm, MB, ChB, MD, 
DTM&H, and J. Heinonen, MD 


Complications of cardiac catheterization are nu- 
merous and well documented.’ However, as no report 
of cardiac catheterization directly resulting in respi- 
ratory distress has been found, we present such a life- 
threatening complication here. 


Case Report 


The patient, a 27-year-old, 68 kg, 179-cm tall bank 
worker and mother of one child, had been admitted for 
investigation after having previously suffered two bouts of 
syncope. The patient had a history of hypercholesterolemia 
first diagnosed when she was 23 years old. T waves were 
inverted in leads II, III, and aVr of the electrocardiogram. 
As cardiomyopathy was suspected, it was decided that left 
ventricular cardiac catheterization was indicated. Passage of 
the catheter through the right brachial artery met with some 
degree of resistance before the tip of the catheter was placed 
into the left ventricle. Intracardiac injection of the contrast 
media was immediately followed by the onset of dyspnea 
and stridor. As it was thought that a reaction to the contrast 
media had occurred, hydrocortisone (250 mg) was injected 
via the catheter. There was no improvement and the cath- 
eterization procedure was abandoned. An anaesthetist was 
called for consultation. 


Received from the Department of Anaesthesia, Helsinki Uni- 
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CLINICAL 
reports 


On examination, the patient was complaining of dyspnea, 
and because the chain she wore around her neck was 
becoming uncomfortably tight, it was removed. She denied 
a history of thyroid disease. Blood pressure in the left arm 
was 130/80 mm Hg. Pronounced stridor was evident, but 
auscultation of the chest revealed nothing abnormal. Her 
hemoglobin level at that time was 12.3 gm/100 ml. She was 
given 35% oxygen via a face mask, an intravenous infusion 
of electrolyte solution was begun, and periodic measure- 
ment of the neck, then 40 cm, was initiated. She was moved 
to the recovery room. On reaching the recovery room, her 
breathing had deteriorated and she was ventilated by a 
mask using a non-rebreathing systern. Oral endotracheal 
intubation with a rubber Magill tube failed as an apparent 
obstruction in the trachea would not permit passage. The 
patient became deeply cyanotic and began to convulse; 
bradycardia developed. She was again ventilated with the 
mask and atropine (1 mg) was given intravenously. A 
bronchoscope was then successfully introduced through 
which oxygenation could be carried out. Examination 
through the bronchoscope showed a retrotracheal expansion 
almost occluding the lumen of the trachea some 8 cm above 
the carina. A chest x-ray revealed widening of the medias- 
tinum (Fig. 1). After the patient regained consciousness, 
diazepam (5 mg) was given intravenously and the broncho- 
scope was quickly replaced by a latex armored nasotracheal 
tube. Auscultation of the chest showed good air entry 
bilaterally and the patient indicated that her ventilation was 
sufficient. Surgical consultation advised immediate surgery, 
but it was decided to move the patient to the intensive care 
unit for observation. In the ICU she did well. On the 
following morning after a chest x-ray showed that the 
mediastinum had narrowed, the endotracheal tube was 
withdrawn 7 cm, and after 90 minutes of observation the 
trachea was extubated. Another chest x-ray was taken at 
that time (Fig 2). Her hemoglobin had decreased 1.3 gm/ 
100 ml, suggesting that she had hemorrhaged. The circum- 
ference of the patient’s neck had diminished by 1 cm. Vital 
signs, serum electrolyte levels, and arterial blood gas ten- 
sions being well within normal values, she was returned to 
her ward in satisfactory condition. 


Discussion 


It is probable that either the subclavian or the 
brachiocephalic artery was perforated during inser- 


CLINICAL REPORTS 





FiG 1. Chest x-ray showing wide mediastinum and broncho- 
scope in situ. 


tion of the catheter. An arteriogram would have been 
helpful in confirming the diagnosis. The resulting 
hematoma, which encroached on and compressed the 
trachea, prevented passage of the soft, rubber Magill 
tube. The availability of the bronchoscope was life- 
saving. We strongly emphasize that when an obstruc- 
tion of this nature, whether by instrumentation or by 
invasion (for example by a tumor into a blood vessel), 
is suspected, that a noncollapsible tracheal tube be 
placed as early as possible. The decision to observe 
the patient rather than to subject her to surgery 
proved, in this case at least, to be correct. 





Fig 2. Chest x-ray taken the following day. Mediastinum is 
reduced in area. 


In summary, perforation of an artery remote from 
the site at which arterial puncture had been performed 
for left ventricular catheterization resulted in hema- 
toma formation which produced stridor and tracheal 
obstruction but which was successfully handled by 
conservative management. 
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Succinylcholine- Induced 
Hyperkalemia in a Patient 
with Parkinson's Disease 


Glenn P. Gravlee, MD* 


Succinylcholine has been reported to cause hyper- 
kalemia when given to patients with various neuro- 
muscular diseases."^ The following case report de- 
scribes hyperkalemia during succinylcholine admin- 
istration in a patient with Parkinson's disease. No 
previous report of this possible association : was found 
in a search of the literature. 


Case Report 


A critically ill 64-year-old 72 kg white man was trans- 
ferred from an outlying hospital for further evaluation and 
consideration for coronary artery bypass surgery. He had 
been reasonably well until 6 days previously when he 
suffered an extensive anterior myocardial infarction com- 
plicated by persistent chest pain and pulmonary edema 
responding poorly to aggressive therapy with digoxin, fu- 
rosemide, and nitrates. Past history included Parkinson's 
disease diagnosed in 1973 and well controlled with carbi- 
dopa/levodopa (Sinemet), 25/250 mg orally twice a day. 
Lumbar laminectomies had been performed in 1967 and 
1972 under general anesthesia without known untoward 
incident. No residual neurologic deficit was reported after 
either operation. 

Shortly after arrival at this institution an intra-aortic 
balloon pump was inserted for counterpulsation because of 
continued episodic chest pain, increasing ST segment ele- 
vation in the anterior leads, and rising pulmonary capillary 
wedge (PCW) pressures responding only to high-dose in- 
travenous nitroglycerin. These changes were attenuated or 
eliminated by counterpulsation so that the nitroglycerin 
infusion could be discontinued. Medications then included 
digoxin, quinidine gluconate, isosorbide dinitrate, furose- 
mide, diazepam, carbidopa/levodopa, trihexyphenidyl, 
morphine sulfate, and acetaminophen. 

A neurologic consultant's evaluation on the day of trans- 
fer revealed no sensory or motor deficit and mild signs of 
Parkinson's disease consisting of masking and a decreased 
blink rate. The carbidopa/levodopa and the trihexypheni- 


* Instructor in Anaesthesia, Harvard Medical School; Assistant 
in Anesthesia, Massachusetts General Hospital. 
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dyl were discontinued in gide to eliminate their possible 
hemodynamic effects. Over the subsequent five preopera- 
tive hospital days successive neurologic examinations re- 
vealed increasing clinical signs of active Parkinson's disease 
such as increased masking, positive glabellar sign, and a 
fine tremor. No muscular rigidity was detected. 

Cardiac catheterization performed on the 2nd day after 
admission showed severe three-vessel coronary artery oc- 
clusive disease with a large anterolateral and apical left 
ventricular aneurysm and a mural thrombus. There was no 
clinical evidence of embolic phenomena preoperatively. 
Serum electrolyte levels were consistently normal with po- 
tassium (K^) ranging from 4.0 to 4.4 meq/L. Serial electro- 
cardiograms (ECG) and serum enzyme levels showed an 
evolving extensive anterior myocardial infarction. Chest x- 
rays consistently showed interstitial pulmonary edema. 5e- 
rial arterial blood gases were notable only for mild relative 
hypoxemia. Other laboratory studies were noncontributory. 

On the 6th day after admission, the patient was brought 
to the operating room for a triple coronary artery bypass 
graft and a left ventricular aneurysmectomy. No premedi- 


cation was given. Arterial blood gas tensions (ABGs) and. 


serum electrolyte levels before induction of anesthesia are 
shown in the Table. After preinduction administration of 1 
mg of pancuronium, anesthesia was induced with diazepam 
(30 mg IV) over 5 minutes, morphine sulfate (75 mg) as a 
continuous infusion over 20 minutes, and nitrous oxide (4 
L/min) with oxygen (4 L/min). A continuous infusion of 
succinylcholine (800 mg over 30 minutes) and a nitroglyc- 
erin infusion (50 g/min) were also given. The patient 
remained hemodynamically stable throughout induction 
with a regular sinus rhythm at a rate of 70 to 80/min, 
arterial pressure with counterpulsation of 100/125/45 mm 
Hg, pulmonary artery pressure 16/11 + 2 mm Hg, CVP 5 
+ 1mm Hg, and ST segments unchanged from preinduction 
baseline in leads II or Vs. The hemodynamic response to 
endotracheal intubation was minimal. During the surgical 
preparation of the skin, however, pressures increased to 
125/150/55 mm Hg (arterial), 44/22 mm Hg (PA), and 21 
mm Hg (PCW). Widening of the QRS complexes, increased 
ST segment elevation in V4, and new ST segment depression 
in lead Il were noted. Blood samples for ABGs and electro- 
lyte levels were sent to the laboratory. In response to the 
above changes, an additional 45 mg of morphine sulfate 
and 30 mg of d-tubocurarine were given, the succinylcholine 
infusion was discontinued, the nitroglycerin infusion was 
increased, and a nitroprusside infusion was started. This 
resulted in resolution of the hemodynamic and new ST 
segment disturbances. Serial serum electrolyte levels and 
ABGs, are summarized in the Table, revealed marked hy- 
perkalemia to 7.6 meg/L following intubation. All serum 
electrolyte determinations were made using arterial blood 
after clearing the arterial line of any flush solution. 
Subsequent precardiopulmonary bypass (CPB) and CPB 
course were unremarkable. Termination of CPB was accom- 
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TABLE 
Arterial Blood Gas Tensions and Serum Electrolyte Levels 
Time Status of Succinyicho- Ventilation Figo 
e procedure line infusion 
10:45 a.m. Before OH Spontaneous 0.4 
induction 
11:20 a.m. After On Hand 0.5 
intubation ventilated 
11:30 am. After Off Hand 0.5 
incision ventilated 
12:05 p.m. Cannulation Off Hand 0.5 
ventilated 


Pao» Pacos pH pores Na* K* 
torr torr mmole/L meq/L meg/L 
154 43 7.41 T2 136 4.2 
151 45 7.37 0 126 7.6 
175 51 7.29 —3 126 6.0 
273 33 7.44 —1 127 3.9 





plished with two doses of intravenous calcium chloride (200 
mg each), an infusion of epinephrine (2.5 ug/min), and 
continued balloon counterpulsation. 

The postoperative course was complicated by refractory 
ventricular ectopy. Otherwise, hemodynamic stability 
quickly ensued such that the epinephrine infusion could be 
decreased and then discontinued over the next 12 hours. 
No new myocardial ischemia was evident from either post- 
operative ECGs or serum CPK-MB levels. There were no 
postoperative acid-base or electrolyte disturbances of note. 
Extubetion was accomplished 18 hours postoperatively. 
Anti-Parkinson medications were resumed on the 8th post- 
operative day, by which time a full-blown Parkinson's 
syndrome was evident including rigidity and cog-wheeling. 
The patient was discharged in good condition on the 16th 
postoperative day. 


Discussion 


The complexity of this patient’s cardiovascular sta- 
tus made it somewhat difficult to analyze the etiology 
of the hyperkalemia. Fortunately, the hyperkalemia 
was of no clinical consequence and resolved sponta- 
neously. The increased duration of the QRS interval 
during the hyperkalemic period could have been 
caused by an ischemia-induced conduction delay. It 
was surprising that hyperkalemia of this magnitude 
did not cause a more significant disturbance in con- 
duction. 

Several differential diagnoses were entertained in 
an effort to explain the hyperkalemia: (1) laboratory 
error; (2) intravascular massive hemolysis or a hem- 
olyzed blood sample; (3) metabolic acidosis (low car- 
dial output or malignant hyperpyrexia); (4) iatrogenic 
potassium overdose; and (5) succinylcholine-induced 
hyperkalemia (based on either unrecognized dener- 
vated muscle and/or secondary to Parkinson’s dis- 
ease). Laboratory error was unlikely in view of the 
time course of the hyperkalemia, its rapid resolution, 
and the fact that repeated measurements of serum K* 
in the hyperkalemic sample after a calibration check 
by the laboratory technician confirmed the elevation 


of K* levels. The presence of intravascular foreign 
bodies im the form of the balloon and a mural throm- 
bus wou.d predispose to hemolysis, but the laboratory 
reported that the serum contained no free hemoglo- 
bin. The ABGs showed that metabolic acidosis was 
not present to any significant degree at the time 
hyperka emia was present although the variability of 
“the educated hand" was well demonstrated by fluc- 
tuations in the respiratory acid-base status. There was 
no evidence of malignant hyperpyrexia. All intrave- 
nous infusions and injections were checked to assure 
that no »otassium had inadvertently been given. No 
blood o: plasma had been given up to this time, and 
the only-potassium solution administered was lactated 
Ringer's solution in the amount of about 250 ml 
during znduction. Multiple factors predisposed this 
patient o unrecognized upper and lower motor neu- 
ron defizits including a left ventricular mural throm- 
bus (cerebral embolus risk), lumbar laminectomies 
for lumbar disc disease, and poorly controlled Parkin- 
son's disease. Daily neurologic examinations (as re- 
cent as 12 hours preoperatively) failed to reveal any 
motor d»ficit whatsoever. Signs of parkinsonism were 
on the increase in the five preoperative days during 
which His anti-Parkinson medications had been dis- 
continu2d. 

A computer search of the literature dating back- 
ward ta the early 1960s revealed no report of succi- 
nylcholme-induced hyperkalemia in a patient with 
Parkinson's disease. Cooperman’ evaluated increases 
in potassium levels after succinylcholine in 32 patients 
with various neuromuscular diseases. Patients with 
Parkins»n's disease were included in his study among 
a group-of nine patients with either multiple sclerosis, 
Parkinson's disease, or muscular dystrophy. The 
number of patients who had Parkinson's disease, their 
neurolczic state, and their medical therapy were not 
specifically mentioned. Of the 15 reported hyperka- 
lemic responses to succinylcholine, no such reaction 
was reported in a patient with Parkinson's disease.? 
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Other reports®® addressing the management of an- 
esthesia for the patient with Parkinson's disease have 
dealt primarily with the anesthetic implications of 
levodopa therapy. No reference was made to the use 
of neuromuscular blocking agents in patients with 
Parkinson's disease. Because parkinsonian rigidity is 
theoretically based on upper motor neuron pathology 
(perhaps in facilitory-inhibitory modulators of upper 
motor neurons), it would seem quite feasible that 
succinylcholine might induce hyperkalemia in these 
patients. 

The anesthetic technique used in this patient might 
be criticized for the excessive dose of succinylcholine 
used. Succinylcholine infusions are commonly used 
in this institution during the induction of anesthesia 
in hemodynamically unstable cardiac surgical pa- 
tients. It is chosen for its lack of hemodynamic dis- 
turbance, and little heed is paid to traditional dose 
titration because phase II block is of no consequence 
in these patients. In any event, succinylcholine-in- 
duced hyperkalemia is not dose-related in a clinically 
significant manner. 

In summary, a case has been presented in which 
succinylcholine-induced hyperkalemia occurred in a 


patient with poorly controlled Parkinson's disease. 
No inference can be made regarding the risk of oc- 
currence of this phenomenon in patients with Parkin- 
son's disease under good medical control. Anesthe- 
siologists are advised to consider this case report 
when planning general anesthesia for patients with 
Parkinson's disease. 
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Relief of Dental Pain by Ice Massage of the Hand 


Patients suffering from acute dental pain were treated with ice massage of the web between the 
thumb and index finger of the hand on the same side as the painful region. Control groups received 
tactile massage alone or with explicit suggestion that the massage was intended to alleviate their pain. 
Changes in pain intensity produced by the procedures were measured with the McGill Pain 
Questionnaire. Ice massage decreased the intensity of the dental pain by 5096 or more in the majority 
of patients. Furthermore, the pain reductions produced by ice massage were significantly larger than 
those produced by tactile massage alone or with explicit suggestion. The results indicate that ice 
massage has pain-reducing effects comparable to those of transcutaneous electrical stimulation and 
acupuncture. The fact that cold signals are transmitted to the spinal cord exclusively by A-é fibers 
and not by C fibers provides a potential method for differentiating the various feedback systems that 
mediate analgesia produced by different forms of intense sensory input. Ice massage provides a 
simple method for the palliative control of dental pain. (Melzack R, Guité S, Gonshor A: Relief of 
dental pain by ice massage of the hand. Can Med Assoc J 122:189 - 191, 1980) 
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Prolonged Neural 
Blockade following 
Regional Analgesia with 
2-Chloroprocaine 
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and Thomas G. Luerssen, MDE 


Serious neurologic complications occasionally as- 
sociated with epidural or spinal anesthesia include 
anterior spinal artery syndrome, transverse myelitis, 
cauda equina syndrome, and chronic arachnoiditis.! 
In most of the reported cases the exact etiology cannot 
be identified. In addition, neurologic deficits can oc- 
cur spontaneously in the absence of anesthesia? or 
following general anesthesia.? 

The most frequent cause of neurologic deficits in- 
volving the spinal cord after surgery with either re- 
gional or general anesthesia is an anterior spinal artery 
spasm or thrombosis. The resulting anterior spinal 
artery syndrome is characterized by motor paralysis 
with preservation of touch, pressure, vibration, and 
proprioception senses.* [t is usually a clinical diag- 
nosis made in the presence of negative myelographic 
findings. Most cases of anterior spinal artery syn- 
drome have resulted from surgery involving the ab- 
dominal aorta or lumbar vessels. Usubiaga? reported 
ten cases of anterior spinal artery syndrome in pa- 
tients who had epidural analgesia for surgery not 
involving the aorta or vertebral column. In his series 
most of the patients were more than 45 years old, 
epinephrine was used in the anesthetic mixture, the 
anesthetic course was marked by one or more hypo- 
tensive episodes, and none of the patients recovered 
neurologic function. In contrast, patients with a cauda 
equina syndrome following spinal or epidural anes- 
thesia may experience some degree of recovery.? 
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The pre sent report describes two patients with signs 
and symptoms suggestive of both anterior spinal ar- 
tery and -auda equina syndromes following epidural 
analgesiaand one patient with similar symptoms after 
an inadvertent subarachnoid injection. All three pa- 
tients rec2ived 2-chloroprocaine specifically prepared 
for use ir caudal and epidural anesthesia. 


Case Reports 


Case 1 


A 34-year-old, 70 kg, 158-cm tall gravida 4 para 3 white 
woman wes admitted to the hospital for labor and delivery. 
Previous liveries had been accomplished without regional 
analgesia. She had received local anesthetics for dental 
surgery wthout complications. Vital signs included blood 
pressure 720/80 torr, heart rate 90 beats per minute, and 
respirator- rate 18/min. When the cervix was 4 cm dilated 
and contr. ctions were 2 to 3 minutes apart it was decided 
to place a catheter in the lumbar epidural space to provide 
analgesia. Lactated Ringer's solution (500 ml) with 596 dex- 
trose was given intravenously. With the patient in the left 
lateral position the back was prepared with Merthiolate 
solution znd wiped clean. Using the loss of resistance 
technique a 17-gauge Tuohy needle was placed in the 
epidural :pace at the L3-L4 interspace. Preservative-free 
saline wa: used for identification of the epidural space. A 
19-guage epidural catheter was introduced through the 
needle wrhout difficulty. Neither blood nor cerebrospinal 
fluid couH be aspirated. Three milliliters of 3% 2-chloro- 
procaine -vas injected through the epidural catheter. No 
paresthesa was elicited on placement of the needle, cathe- 
ter, or ingction of local anesthetic. About 2 minutes later 
the patiert stated that her left lower extremity was numb 
but that she could move it. There was no analgesia in the 
right lower extremity. Hypalgesia extended to the T-12 level 
on the le&. Blood pressure remained stable at 110/80 torr. 
The patie xt was relieved of labor pains for about 20 minutes 
but then again experienced abdominal discomfort with 
uterine ccntractions. Another 3 m] of 396 2-chloroprocaine 
was injec ed. This resulted in a bilateral band of anesthesia 
extending from T-8 to L-1. The patient could move both 
legs but zontinued to have numbness in the left lower 
extremity while the right lower extremity was not numb in 
areas innervated by nerve roots below L-1. Blood pressure 
remained stable at 100/70 torr. Ninety minutes following 
the secord injection the patient was taken to the delivery 
room. Tkere was no perineal analgesia at this time and 
hence 10 ml of 396 2-chloroprocaine was injected. Within 2 
minutes cf injection the patient had good perineal analgesia. 
The upper level of analgesia was T-4. She complained of 
shortness of breath and was given supplemental oxygen. 
Clinically tidal volume appeared adequate. Blood pressure 
remainec stable at 100 to 110/70 to 80 torr. Fetal heart rate 
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was within normal limits. Delivery was accomplished with 
outlet forceps. The patient remained conscious and able to 
talk throughout delivery. The infant’s Apgar scores were 7 
and 9 at 1 and 5*mimutes, respectively. . 

In the recovery raom the sensory level regressed from 
T4 to L1 within 2 hours. She could dorsiflex her right toes 
but could not flex, abduct, or adduct her right hip, or flex 
her right knee or ankle. She could move no part of her left 
lower extremity. Ten hours later, because of the patient's 
unchanging neurologic status, a neurologic consultation was 
obtained. An emergency myelogram to exclude spinal cord 
compression from prolapsed lumbar disc or extradural he- 
matoma was interpreted as normal. The cerebrospinal fluid 
pressure was normal and the fluid was slightly blood-tinged. 
Corrected white cell count was 3 cells/mm.’ Chemical 
analysis of spinal fluid revealed protein content of 225 mg/ 
dl and sugar 45 mg/dl. Smear and culture of spinal fluid 
were negative for bacteria. Pressure, touch, vibration, and 
proprioception were intact in both lower extremities. Tactile 
discrimination and temperature sensations were bilaterally 
absent below L-1. The knee and plantar reflexes were absent 
bilaterally. The patient could not void even though she felt 
bladder distention. The neurologist’s diagnosis was anterior 
spinal artery spasm or thrombosis. 

Analysis in our laboratory of the cerebrospinal] fluid 
obtained 16 hours foliowing the delivery revealed the pres- 
ence of 2-chloroprocaine. Quantitative analysis could not 
be done. On the second postpartum day the patient's plasma 
pseudocholinesterase level was 7.6 units (7 to 19 units 
normal). The dibucaine number was 75%. Analysis of di- 
alyzed cerebrospinal ‘luid revealed the protein concentra- 
tion to be 150 mg/cl (2-chloroprocaine gives a positive 
reaction for protein), Analysis of the venous plasma ob- 
tained 16 hours following delivery also revealed a detectable 
amount of 2-chloroprocaine. 

Since there was direct and indirect evidence of drug in 
the cerebrospinal fluid and in the plasma the patient was 
given 2 units of type-specific fresh plasma to hasten hy- 
drolysis of the drug in the plasma and thus removal of the 
drug from the cerebrospinal fluid. In addition 25 gm of 
mannitol and 2000 ml of lactated Ringer’s solution was 
administered to establish diuresis and speed drug elimina- 
tion via the kidneys. On the third postpartum day 2-chlo- 
roprocaine in the venous plasma could not be detected. 
Diuresis and fluid administration were continued for two 
more days. On the seventh postpartum day analysis of the 
cerebrospinal fluid and venous plasma revealed no detect- 
able 2-chloroprocaine. Cerebrospinal fluid protein was 150 
mg/dl and sugar 50 mg/d]. The patient's serum was also 
found to hydrolyze a known quantity of 2-chloroprocaine 
within 2 minutes. Reanalysis at the Pennwalt laboratory of 
plasma and cerebrospinal fluid obtained 16 hours following 
delivery revealed insignificant amounts of the drug. 

On the fifth postpartum day the patient could slightly 
adduct at the right hip joint. Over the next 6 days she was 
able to flex her right thigh at the hip and leg at the knee. 
She could not move any part of her left lower extremity. 
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On the seventh postpartum day electromyography studies 
were recommended’ but the patient declined. 

Computed tomography of the spinal cord revealed no 
abnormalities. Selective angiography to delineate the spinal 
arterial tree was considered too risky at the time, as the 
procedure itself has been reported to cause anterior spinal 
artery spasm.” On the 14th postpartum day the patient was 
transferred to the spinal cord unit for intensive physical 
therapy. She gradually regained moderate strength in both 
lower extremities, sooner in the right leg than in the left. 
Four weeks following epidural analgesia the patient could 
move her right leg with ease and was able to flex, abduct, 
and extend at her left hip, to dorsiflex her left toes, and to 
walk with the aid of crutches and braces on the left leg. 5he 
had control of bladder and rectal sphincters. Ankle jerks 
were present bilaterally. 


Case 2 


An 18-year-old, 68 kg, 160-cm tall, gravida 2 para 1 white 
woman was admitted to the hospital for labor and delivery. 
She had received a bupivacaine continuous epidural anes- 
thesia for her previous delivery and desired epidural anal- 
gesia for the present delivery. Vital signs included blood 
pressure 110/70 torr, heart rate 90 beats per minute, and 
respiratorv rate 20/min. When the cervix was 5 cm dilated. 
it was decided to place a lumbar epidural catheter to provide 
analgesia. Lactated Ringer's solution (500 ml) with 596 dex- 
trose was given intravenously. With the patient lying in the 
left lateral position the back was cleansed with Merthiolate 
solution and wiped clean. Using the loss of resistance 
technique, a 17-gauge Tuohy needle was introduced into 
the epidural space at the L3-L4 interspace. A 19-gauge 
epidural catheter was placed without difficulty. Neither 
blood nor cerebrospinal fluid could be aspirated. A test 
dose of 3 ml of 0.596 bupivacaine with 1:200,000 epinephrine 
was injected. A band of sensory hypalgesia extending from 
T-8 to L-1 developed with no motor weakness of the lower 
extremities. 

The blood pressure was stable at 106 to 112/70 to 80 torr. 
A second injection of 8 ml of 0.596 bupivacaine with epi- 
nephrine 45 minutes later produced sensory anesthesia and 
motor paralysis in lower extremities in 2 minutes. Again, 
neither blood nor cerebrospinal fluid could be aspirated 
through the catheter. Systolic blood pressure remained 
stable at 130 to 110 torr. Two hours following the second 
injection the patient was taken to the delivery room. The 
epidural catheter was withdrawn 1 cm and again aspiration 
was negative. Since there was no perineal analgesia 12 ml 
of 396 2-chloroprocaine was injected. The patient felt im- 
mediate relief of pain. Sensory anesthesia and motor block 
extended bilaterally to T-4. Systolic blood pressure de- 
creased to 90 from 100 torr. The uterus was quickly dis- 
placed to the left and 500 ml of lactated Ringer's solution 
with 596 dextrose was administered intravenously together 
with ephedrine, 15 mg. Blood pressure increased to 110/70 
torr. The patient continued to ventilate adequately. Delivery 
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was rapidly accomplished with outlet forceps application. 
The infant had Apgar scores of 6 and 9 at 1 and 5 minutes, 
respectively. 

In the 3 hours following delivery the motor and sensory 
levels of anesthesia regressed to T-12 but after 8 hours the 
patient could barely move her toes. Touch, vibration, pres- 
sure, and proprioception sensations were normal over both 
the lower extremities. It was speculated at this time that 


prolonged anesthesia had resulted from epinephrine admin- - 


istered with the bupivacaine. After 28 hours she could flex 
her right leg at the knee but knee and ankle jerks were 
absent bilaterally and she could not void. The rectal sphinc- 
ter had no tone. Forty hours after delivery she could move 
both lower extremities but they were weak. She completely 
recovered and neurologic examination was entirely normal 
72 hours after delivery. 


Case 3 


A 29-year-old, 60 kg, 160-cm tall, gravida 2 para 1 white 
woman, who had delivered under saddle block with lido- 
caine tne previous day, desired epidural analgesia for bilat- 
eral tubal ligation. With the patient lying in the left lateral 
position, using the loss of resistance technique, a 17-gauge 
Tuohy needle was placed in the epidural space via the L3- 
L4 interspace without any difficulty. Neither blood nor 
cerebrospinal fluid could be aspirated through the catheter. 
A test dose of 4 ml of 296 2-chloroprocaine produced no 
sensory analgesia after 4 minutes. Therefore 23 ml of 2% 2- 
chloroprocaine was injected. This was rapidly followed by 
a sensation of generalized warmth followed by dyspnea 
which progressed to apnea. Artificial ventilation with oxy- 
gen was instituted and the patient placed in moderate 
Trendelenburg position since 296 2-chloroprocaine is hy- 
pobaric. The diagnosis was inadvertent subarachnoid injec- 
tion. Vital signs remained stable. The sensory level re- 
gressed to T-10 after 2.5 hours, at which time tidal volume 
and vital capacity were considered normal. Five hours later 
she feit tingling sensations in her right lower extremity but 
could move neither lower extremity. After 16 hours she 
could walk with assistance. She was released from the 
hospital 72 hours postoperatively with residual numbness 
in bota heels and both buttocks. These symptoms subsided 
over 6 months. 


Discussion 


In a recent review of large series of spinal and 
epidural techniques*'  Abouleish'^ categorically 
stated that, following epidural and spinal analgesia, 
neurologic problems should not occur if patient se- 
lection, medication, and anesthetic technique are all 
properly.managed. Usubiaga, after reviewing the 
world literature, concluded that serious neurologic 
problems associated with major regional anesthesia 
are rare but can occur in one in 10,000 cases following 
either epidural or spinal analgesia. Despite the rarity 
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of neurologic complications after regional anesthesia, 
as emphasized by these reports, we observed three 
patients with a neurologic deficit within an t8-month 
period. Nearly 2000 regional anesthetics were admin- 
istered during that period. 

Neurologic complications following epidural or 
spinal analgesia can result from anesthesia, surgery, 
or exacerbation of preexisting disease. Neurologic 
complications associated with the anesthesia itself can 
result from accidental injection of neurolytic agents, 
including antiseptic solutions, from trauma due to 
inappropriate manipulation of needles, from bacteri- 
ologic infections, from arterial hypotension, and from 
hematomas.” In our three cases standard anesthetic 
techniques and medications were used. In fact, the 3% 
2-chloroprocaine that was used in case 1 was drawn 
up into different syringes from the same via:, and one 
of the syringes was used for epidural analgesia for 
another patient. Anesthesia lasted the expected 2 
hours in this other patient. 

The three cases described in :his report have in 
common the use of 2-chloroprocaine (296 or 395). In 
cases 1 and 2 the anesthetic course was typical of 
epidural analgesia. The only evidence of possible 
subarachnoid injection was the rather rapid onset of 
perineal analgesia in both cases fcllowing injection of 
10 and 12 ml of 396 2-chloroprccaine. Hcwever, in 
our experience inadvertent injection into the sub- 
arachnoid space of only 3 ml of 3% 2-chloroprocaine 
results in development of near total spinal analgesia. 
It is further unlikely that the anesthetic injected 
through the epidural catheter in cases 1 and 2 entered 
the subarachnoid space since neither patient devel- 
oped respiratory difficulty or hypotension. 

2-Chloroprocaine is widely used to provide epi- 
dural analgesia because of its short latency, low tox- 
icity, short duration of action, and minimal transpla- 
cental transfer to the fetus. 2-Chloroprocaine is rec- 
ommended for use in infiltration, caudal, and epidural 
analgesia. It is our understanding that the Food and 
Drug Administration has not approved the use of 2- 
chloroprocaine for subarachnoid injection. The failure 
to seek FDA approval for subarachnoid use may be 
related to the absence of any apparent advantage of 
2-chloroprocaine over other widely used drugs al- 
ready approved for spinal anesthesia. Nevertheless, 
Foldes and McNall,P in 1952, used 3.3% 2-chloropro- 
caine for spinal analgesia without any adverse effects. 
Collins feels that 4% 2-chloroprocaine, being hyper- 
baric, is better than 3.396 for spinal analgesia. 

The possibility of chloroprocaine causing vascular 
spasm or neurotoxicity in the spinal subarachnoid 
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space deserves investigation, as even in expert hands 
inadvertent subarachnoid entry occurs in about one 
in 50 cages” and perhaps as often as one in 10 or 20 
cases in less experienced hands. Furthermore, one 
of the mechanisms of action of epidural anesthetics is 
penetration through the dural cuff surrounding the 
nerve roots or directly through the dura into the 
subarachnoid space.'^ ?? If 2-chloroprocaine is poten- 
tially hazardous in the subarachnoid space should it 
be used for epidural anesthesia? 

Inadvertent subarachnoid injection of small 
amounts (3 ml) of 2-chloroprocaine during attempted 
epidural anesthesia has not produced any adverse 
effects in a patient known to one of the authors 
(R.5.R.) even though it resulted in total spinal anal- 
gesia. Kim et al? reported a case in which inadvertent 
injection of 2.5 ml of 2% 2-chloroprocaine resulted in 
total spinal analgesia and hemicranial palsy. The pa- 
tient recovered completely in 12 hours. We have been 
unable to find reports of prolonged neural blockade 
following epidural analgesia with 2-chloroprocaine 
comparable to that reported with bupivacaine.” Fur- 
thermore we are unaware of any reports describing 
inadvertent injection of large volumes of 2-chloropro- 
caine into the subarachnoid space which resulted in 
prolonged blockade. 

Are there any physicochemical or pharmacologic 
properties that are unique to 2-chloroprocaine that 
might possibly cause prolonged neural blockade? 
There are two physicochemical properties unique to 
2-chloroprocaine: (1) 3% 2-chloroprocaine is nearly 
hyperbaric at 37 C'?; (2) 2% and 3% 2-chloroprocaine 
have a pH of 2.7 to 4.0.” Other local anesthetics made 
hyperbaric by mixing with 1096 dextrose solution are 
routinely used to provide spinal anesthesia without 
adverse effects; however, they are used in very small 
volumes. If larger volumes of hyperbaric solutions 
were to be injected into the subarachnoid space, as 
can occur following an inadvertent subarachnoid in- 
jection of 2-chloroprocaine, then it might affect the 
conductive properties of the nerve root by its osmotic 
effects. Concentrated local anesthetics, by virtue of 
their osmotic effects, have been speculated to cause 
neurotoxicity.” Covino and Vassallo” have observed 
vasculitis in some cases following intravascular injec- 
tion of 2-chloroprocaine and therefore do not rec- 
ommend its use for intravenous regional analgesia. 
Acidic solutions might irritate the nerve roots or 
meninges or cause vasospasm. If 2-chloroprocaine is 
injected in small amounts it may be diluted in the 
subarachnoid fluid and therefore may not produce 
adverse effects. This may be why we have not seen 
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prolonged neurologic dysfunction following inadvert- 
ent subarachnoid injection of small volumes of 2- 
chloroprocaine. 

In summary, we report three cases of prolorged 
neural blockade following major regional analgesia 
with 2-chloroprocaine. These three cases were ini- 
tially thought to be anterior spinal artery syndrome 
on the basis of preservation of posterior tract func- 
tions. However, subsequent regression or complete 
return of normal neurologic function is more sugges- 
tive of the cauda equina syndrome. 

In Case 1, until the normal hydrolysis of 2-chloro- 
procaine by the patient’s serum was documented, a 
slim possibility of atypical pseudocholinesterase as 
the etiology of prolonged analgesia was entertained, 
though a recent report” indicates that it is an unlikely 
cause. 

Within the last month we have also received en- 
quiries from two anesthesiologists concerning similar 
prolonged neurologic dysfunction occurring in two of 
their patients following inadvertent subarachnoid in- 
jection of large volumes of 2-chloroprocaine. Based 
on these personal communications and on the expe- 
rience gained with our three patients we feel that a 
test dose before injection of large volume of 2-chlo- 
roprocaine is mandatory to rule out subarachnoid 
injection. 2-Chloroprocaine should not be injected if 
there is any possibility of its being injected into the 
subarachnoid space. Even with these precautions we 
remain concerned about the prolonged neurologic 
deficit following an apparently uneventful epidural 
anesthetic without subarachnoid entry (case 1). 


ADDENDUM 
The Pennwalt Corporation analyzed samples from the three lots 
of medication used on these patients and found them to meet their 
specifications. 
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Nitroprusside Effects on Blood Volume and Venous Return 


The effects of nitroprusside (380 to 760 ug/min) on the systemic venous return, the central blood 
volume, and the equilibrium point between the venous returr and cardiac output curves were studied 
in eight dogs using a right-heart bypass preparation at constaat total blood volume. Experiments were 
performed before and after the production of acute left ventr cular failure. During the control period, 
nitroprusside infusion shifted the venous return curve, with a reduction in its plateau (3.1 to 2.4 L/ 
min; p « 0.005), the central blood volume fell (—2.4 + 0.4 mi/kg; p « 0.05) and the cardiac output at 
equilibrium was reduced (3.1 to 2.4 L/min; p « 0.005). Carciac failure, produced by acute coronary 
artery ligation, increased the central blood volume (+6.3 + 0.5 ml/kg; p < 0.01), leading to a decrease 
in both the systemic blood volume and the plateau of the venous return curve (3.2 to 2.6 L/min; p 
< 0.003). The cardiac output at equilibrium was also reduced (3.2 to 1.9 L/min; p « 0.001). In this 
setting, nitroprusside infusion decreased the central blood volume (—7.4 ml/kg; p « 0.01), but the 
venous return curve was not altered. The cardiac output curve was markedly shifted upward due to 
reduced afterload on the failing left ventricle; however, in the absence of a downward shift of the 
venous return curve, the cardiac output at equilibrium increased from 1.9 to 2.6 L/min; p « 0.05). The 
authors conclude that the differing effects of nitroprusside in acute cardiac failure are due primarily 
to an increased shift of blood from the central circulation in the failure state compared with the 
r.ormal circulation. This shift counteracts the systemic vencdilation produced by nitroprusside and 
allows the markedly improved left ventricular function consequent to reduced afterload to be 
expressed as increased venous return and cardiac output. (Pculeur H, Covell JW, Ross J Jr: Effects of 
nitroprusside on venous return and central blood volume in *he absence and presence of acute heart 
failure. Circulation 61:328 -337, 1980) 
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Persistent Neurologic 
Deficit and Adhesive 
Arachnoiditis following 
Intrathecal 
2-Chloroprocaine 
Injection 


Laurence S. Reisner, MD,* 
Bruce N. Hochman, MD,t and 
Michael H. Plumer, MD* 


Because of its apparent broad margin of safety 2- 
chloroprocaine has become widely used, especially 
for epidural analgesia in obstetrics. Other advantages 
are rapid onset, short duration of action, rapid hy- 
drolysis by plasma cholinesterase in both mother and 
fetus, and little if any detectable fetal effect. Addi- 
tionally it is suggested that inadvertent subarachnoid 
injection of 2-chloroprocaine would produce a block- 
ade of lesser degree and duration than other local 
anesthetics.’ However, the following case report doc- 
uments total spinal anesthesia followed by prolonged 
neurologic impairment after an inadvertent subarach- 
noid injection of a full epidural dose of 3% 2-chloro- 
procaine. This patient’s course was further compli- 
cated by the development of adhesive arachnoiditis. 


Case Report 


A 33-year-old Mexican-American woman, gravida 4 para 
4, was scheduled for an elective postpartum tubal ligation 
under epidural anesthesia. She was 61 inches (155 cm) tall 
and weighed 130 Ib (59 kg). The patient’s medical history 
was significant only in that she had undergone an appen- 
dectomy 4 years previously under spinal anesthesia with 10 
. mg of tetracaine without incident. In the operating room 
routine monitoring devices were applied and an intravenous 
infusion begun. A fluid load of 1000 ml of 5% dextrose in 
lactated Ringer's solution was administered. Her blood 
pressure was 120/80 torr and her pulse rate 80 beats per 
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minute. The patient was placed in the left lateral decubitus 
position and after the back had been washed with 7096 
isopropyl alcohol tinted with methylene blue, sterile drapes 
were applied and the skin over the second lumbar interspace 
infiltrated with 1 ml of 3% 2-chloroprocaine (3% Nesacaine- 
CE, Pennwalt Pharmaceutical Division, Pennwalt Corpora- 
tion). An 18-gauge disposable Crawford needle (Monoject 
no, 221, Sherwood Medical Industries) was advanced into 
the epidural space utilizing a loss-of-resistance technique. 
This required several attempts as the patient was quite 
anxious and mobile. No paresthesia was observed, and 
aspiration yielded neither blood nor cerebrospinal fluid. A 
3-ml test dose of 3% 2-chloroprocaine without preservatives 
containing 5 ug/ml of freshly added epinephrine (final 
concentration 1:200,000) produced no evidence of subarach- 
noid or intravenous placement over a 3-minute observation 
period. An additional 25 ml of the same solution was then 
injected and the needle removed. The patient was placed in 
the supine position, and within 30 seconds she had difficulty 
breathing and could speak only in a whisper. Her ventilation 
was first assisted and then controlled by bag and mask with 
100% oxygen. Blood pressure and pulse rate remained 
unchanged, and endotracheal intubation was performed 
after administration of 20 mg of succinylcholine to ensure 
adequate conditions. Blood pressure and pulse remaining 
stable, the operation was completed with amnesia produced 
by 20 mg of ketamine and 50% nitrous oxide in oxygen with 
controlled ventilation. 

She was taken to the recovery room in stable condition 
but still completely paralyzed. A total of 5% hours of 
mechanical ventilation was required before the endotracheal 
tube could be removed. The first motor effort was move- 
ment of her right eyelid 3 hours after the anesthetic, fol- 
lowed by diaphragmatic respiratory efforts by 4% hours. At 
the time of extubation she was alert and orientated but a 
sensory level to pinprick at the sixth thoracic dermatome 
persisted. Motor function of the upper extremities was good 
but she was unable to move her legs. 

Twenty hours after the block the sensory level was still 
at T-12 with marked weakness of the lower extremities. 
Twenty-five hours after injection she had an S-2 sensory 
level with continued lower extremity weakness. In addition 
she complained of a headache when placed in the upright 
position. Vibratory and position senses were intact at this 
time. Because of persistent sensory and motor deficits neu- 
rologic and neurosurgical consultations were obtained 30 
hours after the initial block. Myelography was not per- 
formed because the symptoms did not suggest a mass lesion 
and because the procedure itself carries a small but finite 
risk of inducing arachnoiditis. 

Thirty-six hours after injection she could flex her legs at 
the knee. Physical therapy was begun and by the 7th day 
the patient could walk but only with substantial assistance. 
An electromyogram (EMG) with H-reflex studies showed 
no abnormality through the first sacral segment. By the 14th 


CLINICAL REPORTS 


day she could walk with minimal assistance, but she was 
incontinent of feces and had no urge or ability to void. She 
regained normal bowel control at the end of the 3rd week, 
and marked improvement in lower extremity function was 
evident. A cystometrogram showed an urge to void and 
sensation of fullness at normal volumes but weak detrusor 
activity. She could discriminate between warm and cool 
fluid instillations but could not void either voluntarily or 
by reflex action. Four weeks after her anesthetic, the patient 
was discharged. Although she could walk and ascend and 
descend a flight of stairs carrying her infant, she required 
intermittent bladder catheterization and had a persistent 5- 
4 sensory level to pinprick. 

Seven weeks after the initial incident, she was readmitted 
to the hospital complaining of back pain, loss of lower 
extremity function, and loss of sensation in her legs and 
buttocks. Examination revealed marked paresis of the lower 
extremities and patchy sensory loss to T-12. An EMG now 
revealed changes consistent with new and old cauda equina 
injury. An H-reflex was present on the left side but not on 
the right. A myelogram utilizing metrizamide (Amipaque, 
Nyegaard and Co.) as the contrast medium was consistent 
with a diagnosis of adhesive arachnoiditis. The greatest 
involvement was in the lumbosacral and the thoracolumbar 
regions. Also consistent with this diagnosis was the presence 
of an arachnoid cyst. A course of oral prednisone, 80 mg/ 
day, was begun. Some return of sensory and motor function 
was apparent over the next 5 days. At 9 weeks she is still 
markedly paretic with some sensation returning to her legs 
and buttocks. She continues to be incontinent of feces and 
unable to void. 

Laboratory tests including liver function studies, serum 
cholinesterase levels, and dibucaine number were normal. 
Cerebrospinal fluid analysis during the second admission 
was also unremarkable. 


Discussion 


The complications encountered here, a cauda 
equina syndrome and progressive adhesive arach- 
noiditis, have not been reported in association with 
spinal anesthesia for more than 25 years.” Our patient 
initially developed total spinal anesthesia as evi- 
denced by the rapid onset of symptoms with complete 
loss of somatic motor fünction, and the fact that the 
first muscle groups observed to recover were the right 
extraocular muscles. Although Dawkins? suggests that 
massive spinal anesthesia may follow inadvertent sub- 
arachnoid injection of an epidural dose of local an- 
esthetic as frequently as once in 500 epidurals, even 
after a negative response to a test dose, there are no 


. reports of prolonged neurologic deficits in association 


with such injection.^* Total spinal anesthesia with 
smaller doses of 2% or lower concentrations of 2- 
chloroprocaine has occurred, and the effects have 


€ * 
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been transient.’ Indeed, 3-ml volumes of 3.3% 2- 
chlorop-ocaine were used by Foldes® and colleagues 
for spiral anesthesia with good results and no neu- 
rologic sequelae. 

The -tiology of our patient's catastrophic compli- 
cation is unclear. Although a common cause of neu- 
rologic -esidua after high or total spinal anesthesia is 
said to be spinal cord ischemia due to hypotension, 
our patient was not significantly hypotensive.? No 
preservatives were present in the local anesthetic so- 
lution. Antiseptic solution is unlikely to have contam- 
inated the drug, as the preparation tray was removed 
from tre epidural set. Since we were using a dispos- 
able ep dural tray (Travenol #2D2378), a contaminant 
such as residual detergent or germicidal solution in a 
syringe is unlikely. The concentration and total 
amoun- of epinephrine used were no greater than that 
routine y used for spinal anesthesia. The slow, but 
nearly -omplete, recovery that our patient made was 
at first reassuring. The delayed appearance of the 
progressive neurologic symptoms described is not 
atypica for the development of adhesive arachnoidi- 
tis, a dSorder which may take weeks, or even months, 
to beccme clearly manifest.” 

The 2H of 3% 2-chloroprocaine is between 3.3 and 
3.4, waich makes it the most acidic of the local 
anesth-tic preparations, even those to which the man- 
ufacturer has added epinephrine (Pennwalt Pharma- 
ceutic Division, Pennwalt Corporation. Data con- 
firmed by Corning 165/2 pH meter in our laboratory). 
The vclume of drug injected was nearly equal to the 
amourt of cerebrospinal fluid present below the fo- 
ramen magnum, i.e., 25 to 30 ml." If this volume of 
spinal -luid were replaced by such an acidic solution, 
this m ght result in a slow retum to physiologic pH. 
2-Chlcroprocaine may undergo some metabolism in 
cerebrospinal fluid by alkaline hydrolysis; pseudo- 
cholinesterase plays little role as there is almost none 
preserc in the subarachnoid space. At a pH below 
6.0 alr_ost no alkaline hydrolysis occurs. It is conceiv- 
able tat the acid pH greatly delayed the hydrolysis 
of the drug in cerebrospinal fluid while the epineph- 
rine prevented early uptake of the agent by the blood 
stream, thereby delaying the usual route of elimina- 
tion o: the drug from the subarachnoid space. How- 
ever, we would expect this to prolong the block by 
hours, not by weeks. Studies of isolated nerve prep- 
aratioms have shown 2% 2-chloroprocaine to be un- 
associated with significant microscopic changes." 
Comparable studies have not been performed with 
3% 2-chloroprocaine; therefore, we do not know 
whether the duration of exposure to this concentration 
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plays any role in ics potential toxicity. Prolonged 
exposure to other local anesthetics has shown no 
adverse effect.” '? 

There is a remote possibility that a chemically 
contaminated lot of the drug was used. We could not 
identify the lot number of the injected drug. We have, 
however, recently learned of two other prolonged 
courses after intrathecal injection of large volumes of 
396 2-chloroprocaine without epinephrine (personal 
communication). The drugs utilized in these cases 
were analyzed and found to be free of contaminants. 

It is also possible that the 396 concentration of 2- 
chloroprocaine, when injected in large volumes into 
the subarachnoid space, is at the threshold of human 
toxicity. Moore'* stated 25 years ago that the local 
anesthetic itself was the causative factor in the series 
of permanent neurologic injuries which he reviewed. 
In addition he noted that " ... the only conditions 
under which an unusually excessive volume of local 
anesthetic drug might reach the subarachnoid space 
and/or.parenchyma of the spinal cord is when it 
is inadvertently injected subarachnoidally while 
performing an epidural (peridural) or paravertebral 
block...” 

Whether or not our patient’s neurologic deficit is 
a direct toxic effect of this concentration of 2-chloro- 
procaine or the result of the alteration in cerebrospinal 
fluid pH, it is clear that extreme caution in the use of 
3% 2-chloroprocaine for epidural anesthesia is war- 
ranted until laboratory data can explain this phenom- 
enon. If this agent is to be used, we recommend a test 
dose of 3 ml with careful observation for 3 to 5 
minutes. We then suggest that the anesthetic dose be 
administered in increments, rather than as a large 
bolus, with a few minutes between each aliquot to 
allow for adequate patient assessment. Regardless of 
the technique utilized, single injection or continuous, 
the anesthetist should employ every possible means 
to avoid the intrathecal injection of a large volume of 
3% 2-chloroprocaine. If inadvertent injection occurs, 
spinal fluid drainage as soon as the patient’s cardio- 
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vascular and respiratory status are stable might prove 
helpful. A course of oral steroids may prevent or 
lessen any persistent neurologic residua, although a 
recent study suggests that early treatment is of little 
value in preventing contrast medium-induced arach- 
noiditis.?^ Microsurgical lysis of the adhesions re- 
mains a highly controversial therapeutic modality for 
advanced arachnoiditis.”’ 
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A Guide-Wire Technique 
for Replacement of 
owan-Ganz Catheters 


Steven Shoum, MD, Roberta C. Kahn, 
MD, Graziano C. Carlon, MD, and 
William S. Howland, MD 


The indications for use of the Swan-Ganz thermo- 
dilution catheter in the management of critically ill 
patients have broadened considerably since its intro- 
duction into clinical use." ^ Some patients may require 
the placement of an indwelling catheter for several 
days to weeks, and since contamination, sepsis, cath- 
eter displacement, or balloon breakage may require 
replacement of the catheter, it is often necessary to 
perform a new percutaneous subclavian or internal 
jugular puncture for this purpose. 

Many of our patients are leukopenic, thrombocy- 
topenic, and supported with mechanical ventilation, 
all of which contribute to the risk of percutaneous 
insertion of central venous catheters. Consequently, 
we have adapted the familiar guide-wire technique to 
facilitate replacement of  Swan-Ganz catheters 
through an already existing percutaneous site of in- 
sertion. 


Technique 


With the patient in 15? head-down position and 
after sterile preparation the Swan-Ganz catheter is 
withdrawn from its position until the 20-cm mark is 
beyond the site of insertion (10 to 15 cm remain 
indwelling). The catheter is held at the site of insertion 
and cut just distally; blood returning through the 
distal lumen of the catheter identifies it for passage of 
a 0.64-mm diameter, 30.5-cm long guide-wire (Arrow 
International Inc, AW04025), which is introduced ap- 
proximately one half to two thirds of its length, and 
the remaining catheter is withdrawn. An 18-gauge, 
6.35-cm catheter is then passed over the guide wire 
into the vein and the guide wire removed. A 0.89-mm 
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diameter 40-cm guide wire (18-gauge catheter, 40-cm 
guide ware, Arrow Percutaneous Sheath Introducer 
Kit AKOs800) is then passed, the catheter removed, 
and an iatroducer-dilator assembly (Arrow Percuta- 
neous Sneath Introducer Kit AKO05800) is placed. 
Removal of the wire and dilator from the introducer 
now allcws passage of a new Swan-Ganz catheter. 
After proper placement of the Swan-Ganz catheter, 
the introducer is withdrawn from the insertion site, 
and the 5wan-Ganz catheter sutured to the skin. All 
components of this technique are illustrated in the 
Figure. 


Discussion 


We have used this technique for approximately 25 
changes of a Swan-Ganz catheter and we find it safe 
and rapsd; it employs only one more piece of equip- 
ment than would be necessary for a new subclavian 
or interaal jugular puncture, namely the 0.64-mm 
guide ware, which we also use to change 20-gauge 
arterial ines. 

Replacement of a pulmonary arterial catheter 
through the same site of insertion has been described 
utilizing the catheter itself as a guide over which an 
introdu-er sheath is passed.? We have found in some 
instances that buckling or disruption of the end of the 
introdu-er occurs on attempted passage, and this may 
predispose to laceration of the vein. The thrombocy- 
topenic patient poses our greatest concern in this 
instance, since hemorrhage. from the subclavian or 
interna. jugular vein may be uncontrollable. 





FiGURE. Components from top to bottom: (1) 0.64-mm guide- 
wire, passed through the distal lumen of a Swan-Ganz catheter, 
(2) 18-cauge catheter, and (3) 0.89-mm guide-wire within the 
dilator-ir troducer assembly. 
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Recently the sterility of changing Swan-Ganz cath- 
eters, over the same site of insertion has been ques- 
tioned.' The circumstances in which we replace Swan- 
Ganz. catheters a are genera y limited to instances of 


or Md o. B a "lumen in the catheter. We are 
currently conducting a prospective study of the inci- 


dence of infection introduced by insertion and re- 


patient to the dadeake ns associated. with per- 
cutaneous cannulation. A guide-wire technique for 
replacing a Swan-Ganz catheter throu; h the existing 
insertion site has been described. The technique 
avoids the necessity for repetitive percutaneous | can- 
nulation, and it is safe, rapid, and uses readily avail- 
able equipment. 
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High-Dose Steroid Therapy in Head Injury 


While corticosteroids in standard neurosurgical dosage do not seem to influence recovery from 
severe head injury or elevated intracranial pressure (ICP), some reports claim that a much higher 
dosage is effective. A resultant hypothesis is that an abrupt increase in corticosteroid dosage in 
patients with severe head injury should cause a detectable reduction in ICP and in cerebral elastance 
within 48 hours. To test this hypothesis, 20 consecutive patients with severe head injury, 12 of whom 
had had surgical decompression of mass lesions, were studied. All patients were artificially ventilated 
and had continuous monitoring of ICP and intermittent testing of elastance by measurement of the 

| volume-pressure response (VPR). For the first 12 hours after admission, patients received methyl- 
iS prednisolone, 40 mg every six hours. The dosage was then increased abruptly by giving a single dose 
^5. of2gand 500 mg every six hours for the next 24 hours, then tapering rapidly. No significant change 
in ICP or VPR could be detected after 24 or 48 hours of high-dose steroid therapy. Of the 20 patients, 
m 0 8088 had good recovery or were moderately disabled, 1596 were severely disabled or vegetative, and 
(oe Boe died. There was also a high incidence of gastric hemorrhage (5096) and of hyperglycemia with 

| . glucosuria (85%). (Gudeman SK, Miller JD, Becker DP, et al: Failure of high-dose steroid therapy to 
Yfluenc intracranial pressure in patients with severe head injury. J Neurosurg 51:301 -306, 1979) 
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A New Head Strap 


Subhash Chander, MB, BS 


The conventional mask retainer with four straps 
often does not provide an airtight mask fit and fails 
to support the chin. This paper describes a new mask 
retainer with six straps that improves performance in 
these two areas. 


Methods and Materials 


As illustrated in Fig 1, the new head strap consists 
of a central body and six straps. It can be made easily 
by cutting it out of a piece of conductive elastic sheet 
rubber. The recommended measurements, position, 
and direction of the straps are indicated in Fig 1. 

The application of the strap is illustrated in Fig 2. 
The strap is placed under the patient's head with 
straps A and B superior, E and F inferior, and C and 
D on the sides. After induction of anesthesia, a clear 
airway is first obtained with or without the use of an 
oral or nasopharyngeal airway. In edentulous patients, 
the use of an oral airway provides a better shaped 
face for a better mask fit. The appropriate size and 
type of anesthetic mask with four retaining hooks is 
now placed on the face so that it is not pressing 
against the supraorbital margin. The straps are now 
anchored in the hooks in the following order: A and 
B, C and D, E and F. When fastened, straps C and D 
come around the angle of the mandible and gently 
push the soft tissues of the buccal area against the 
cushioned margin of the face mask and seal any gas 
leaks in this area. Straps E and F are crossed under 
the chin. This supports the chin, improves the airway 
and prevents any gas leaks in this area. Care should 
be taken that these straps do not compress the carotid 
vessels. When fastening, the straps should not be 
stretched excessively. o 


Discussion 


The presently available conventional mask retain- 
ing head strap (one with four straps) can be applied 
in one of two ways: (1) with the lower straps around 
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the side bf the face over the angles of the' jaw and 
buccal fæ area, or (2) with the lower straps crossed 
under the chin holding the jaw up against the face 
mask. 

With the first method there is no support to the 
chin. Ths often causes a big leak of gases in this area, 
especially when the head is extended to keep a clear 
airway. The lack of support to the chin leaves the 
muscles »f the floor of the mouth relaxed causing soft 
tissues te obstruct the airway. Also, there is no force 
counteracting the pull of the upper straps which pull 
the masx superiorly. Therefore, the mask tends to 
creep up above the bridge of the nose causing pressure 
on the medial angles of the eyes and supraorbital 
margin. This may result in edema of the eyelids, 
chemosis of the conjunctiva, pressure on the supraor- 
bital and supratrochlear nerves, corneal injury, and 
possibly temporary blindness due to the acutely in- 
creased ntraocular pressure. 
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Fig 1. New head strap. 





FiG 2. Method of application of head strap. 
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The chin may be supported using the conventional 
head strap by crossing the two lower straps under the 
chin. This avoids many problems of method 1 above, 
but in many instances leaves a gas leak in the cheek 
area, especially in the edentulous patient. With either 
method, a better fit is derived by supporting the jaw 
with the hand. This is tiresome for the anesthesiolo- 
gist and limits his freedom to do other things (e.g., 
administer drugs, take blood pressure, etc) without an 


When applied properly, the mask retainer de- 
scribed here provides the best possible fit of the mask 
in all, including edentulous patients. It supports the 
chin and does not let the mask creep up aboveethe 
bridge of the nose, and the pulling force of the straps 
is distributed more uniformly over the entire head. A 
potential disadvantage is that in the event of vomiting, 
it will take slightly longer to untie this retainer as 
compared to the four strapped device. 


assistant's help. 





Adrenergic Influences on Potassium Kinetics 


The role of catecholamines in the regulation of potassium homeostasis was studied in nine healthy 
subjects given intravenous potassium chloride (0.5 meg/kg of body weight) in the presence and 
absence of propranolol. Potassium infusion elevated serum potassium 0.6 + 0.09 meq/L (mean + 
SEM). Addition of propranolol augmented the rise (0.9 + 0.05 meq/L) and prolonged the elevation 
in serum potassium without decreasing urinary potassium excretion. In a separate study, the same 
potassium load was administered with a concomitant infusion of epinephrine in five subjects. 
Epinephrine markedly blunted the increment in serum potassium (0.1 + 0.06 meq/L) while reducing 
renal potassium excretion. Plasma aldosterone was not altered by the experimental procedures. Serum 
insulin fell minimally in the presence of propranolol but was unaffected by epinephrine. B-Adrenergic 
blockade impairs, and epinephrine enhances, extrarenal disposal of an acute potassium load. These 
findings suggest that in patients with impaired potassium disposal, the risk of hyperkalemia may be 
increased when sympathetic blockade is induced. (Rosa RM, Silva P, Young JB, et al: Adrenergic 
modulation of extrarenal potassium disposal. N Engl J Med 302:431 -434, 1980) 





Simultaneous Chest Compression and Ventilation during CPR 


In most patients blood flow during cardiopulmonary resuscitation (CPR) results from a rise in 
intrathoracic pressure rather than from direct heart compression. Intrathoracic pressure was increased 
by the use of positive-pressure ventilation synchronous with sternal compression in 11 arrested 
patients who were intubated. A computer system allowed 15- to 30-second periods of alternation 
between conventional CPR and “new CPR” (rate of 40/min, 60% compression duration, and 
simultaneous ventilation at airway pressures from 60 to 110 cm H2O). The compression force was 
identical with the two methods. "New CPR” increased mean systolic radial artery pressure significantly 
from 40.6 + 4.4 to 53.1 + 3.9 mm Hg for 14 runs in nine patients. In 15 runs in ten patients an index 
of carotid flow increased with “new CPR” to 252% (range 113% to 643%) of control values. Lowering 
airway pressure during “new CPR” lowered flow index and arterial pressure, confirming that these 
increases with “new CPR” were due to higher intrathoracic pressure. Thus, increased airway pressure 
synchronous with sternal compression increases arterial pressure and likely blood flow during CPR 
in man. However, further studies of potential complications and long-term effects of "new CPR," 
particularly on adequacy of ventilation, are needed before clinical use of the technique. (Chandra N, 
Rudikoff M, Weisfeldt ML: Simultaneous chest compression and ventilation at high airway pressure 
during cardiopulmonary resuscitation. Lancet 1:175 -178, 1980) 
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Atropine in 
Physostigmine 
Reversal of 
Diazepam 


To the Editor: 


Failure to reverse diazepam-in- 
duced sedation with a physostigmine- 
atropire solution as reported by Gar- 
ber et al! should come as no surprise. 
The authors correctly point out that 
the reason for this failure may be that 
physostigmine may not reverse all of 
the central nervous system depression 
produced by atropine. The incorrect 
statement is that atropine must be 
used when physostigmine is used in 
order -o avoid the unpleasant mus- 
carinic side effects. We have had the 
opportunity to "arouse" patients with 
prolonged recovery from barbiturate, 
ketamine, and diazepam? sedation us- 
ing physostigmine alone and have not 
seen "unpleasant" muscarinic side ef- 
fects. It is interesting to note that if 
arousal is to occur it will usually occur 
about 7 minutes after the physostig- 
mine injection. 

It is our impression that the pa- 
tients who receive the atropine rep- 
resent examples of the central anti- 
cholinergic syndrome. We feel that 
reversal of diazepam-induced seda- 
tion will be more successful if phy- 
sostigmine is used alone. 


Denis J. Cuka, MD 
Associate Professor 


Jerry D. Edelman, MD 
Assistant Professor 
University of Nebraska 
Medical Center 
Omaha, Nebraska 68105 


REFERENCES 
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2. Larson GF, Hurlbert B], Wingard DW: Phy- 
sostigmine reversal of diazepam-induced 
depression. Anesth Analg 56:348-351, 1977. 


To the Editor: 


In the article "Physos-igmine-Atro- 
pine Solution Fails to Reverse Diaze- 
pam Sedation” by Garber et al 
(Anesth Analg 59:58-60, 1980), I feel 
the authors may have come to an 
erroneous conclusion based on the 
pharmacology of the drugs 
involved—specifically, the ability of 
the drugs used to cross the blood- 
brain barrier. 

That the mixture of physostigmine 
and atropine has no analeptic effect 
on diazepam sedation appears valid 
from their experiment. However, 
both drugs are tertiary ammonium 
compounds and readily pass into the 
central nervous system (CNS). If phy- 
sostigmine could, by a cholinomi- 
metic effect in the CNS, block seda- 
tion induced by diazepam, then atro- 
pine could, by an anticholinergic ef- 
fect in the CNS cancel this effect. 
Furthermore, the authors state that 
atropine must be used with physo- 
stigmine to avoid unpleasant musca- 
rinic effects. 

There is another cho:ce. Glycopyr- 
rolate, a quaternary ammonium com- 
pound that does not cross the blood- 
brain barrier appreciably, will block 
the peripheral muscarinic effects of 
physostigmine as effectively as atro- 
pine. This would allow the cholino- 
mimetic effect of physostigmine to 
work in the CNS unopposed. 

Therefore, I feel the authors have 
only proven that the combination of 
atropine and physostigmine fails to 
reverse diazepam sedztion and not 
that "physostigmine does not have an 
analeptic effect on diazepam-induced 
sedation." The atropine may have 
blocked the effect as explained above. 
Perhaps the experiment should be re- 
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peated with physostigmine alone or 


physostigmine-glycopyrrolate in 
combination. 
Jeffrey Belkin, MD 
Department of Anesthesiology 
Sinai Hospital of Detroit 
Detroit, Michigan 48235 


To the Editor: 


The letters from Drs. Cuka and 
Edelman and from Dr. Belkin raise 
two interesting questions. Does 1 mg 
of atropine have a significant effect in 
blocking the central nervous system 
action of physostigmine? And, is the 
use of an anticholinergic agent nec- 
essary when administering physostig- 
mine? 

We are pleased that Dr. Belkin has 
reached the same conclusion as con- 
tained in our paper, that in fact a 
physostigmine-atropine mixture 
failed to improve psychomotor func- 
tion in patients sedated with diaze- 
pam. However, whether this was 
caused by the opposing pharmaco- 
logic effect of atropine or the inability 
of physostigmine to reverse psy- 
chomotor impairment caused by di- 
azepam cannot be answered at the 
present time. It does seem clear that 
a physostigmine-atropine mixture is 
highly effective in reversing scopol- 
amine sedation despite the presence 
of as much as 1.5 mg of atropine in 
the physostigmine-atropine mixture. 
We are currently involved with a sim- 
ilar study using glycopyrrolate and 
hopefully a clearer answer will be 
forthcoming. 

We appreciate Drs. Cuka and Edel- 
man's subjective clinical view that 
they were able to "arouse" patients 
from barbiturate, ketamine, and di- 
azepam sedation with physostigmine, 
but find no convincing objective con- 
trolled scientific data to support this 
position. 
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Our impression that an anticholin- 
ergic was necessary to block unpleas- 
ant muscarinic effects was confirmed 
in a recent study by Bidwai et al’ in 
which patients in an experimental 
group receiving 2 mg of physostig- 
mine alone had a 60% incidence of 
nausea and vomiting. Perhaps the dif- 
ferences observed in the incidence of 
side effects with physostigmine is re- 
lated to the different levels of patient 
sedation at the time of the drug’s 
administration. 


Jeffrey G. Garber, DMD 

Alan Jay Ominsky, MD 

Fredrick K. Orkin, MD 
Department of Anesthesia 
University of Pennsylvania 

3400 Spruce Street 

Philadelphia, Pennyslvania 19104 


REFERENCE 
1. Bidwai A, Stanley TG, Rogers C, et al: Re- 
versal of diazepam-induced postanesthetic 


somnolence with physostigmine. Anesthe- 
siology 51:256-259, 1979 
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Correction 


To the Editor: 


In my Letter to the Editor (Anesth 
Analg 58:158-159, 1979), written in 
response to the Letter by Mirakhur 
and Dundee about Baraka's article on 
"Gastric Acidity and Glycopyrrolate 
Premedication" (Anesth Analg 56: 
642-645, 1977), | made two serious 
mistakes, and if one reads the letter 
as it appears, the mistakes disprove 
my argument. In discussing the fact 
that the dosage of glycopyrrolate uti- 
lized by Mirakhur and Dundee (0.2 
mg) was simply insufficient to achieve 
the desired elevation of pH, I in- 
tended to state, "that such is the case 
was surely substantiated by the data 
presented by Baraka et al, which in- 
dicated that 0.4 mg of glycopyrrolate 
would elevate the pH of gastric con- 
tents to above 2.5 in 8296 of the par- 
turients if the glycopyrrolate was ad- 
ministered more than 60 minutes 


Erratum 


prior to the induction of anesthesia." 
In the published letter, the word atro- 
pine is erroneously substituted for 
glycopyrrolate. 

Later, I meant to state that? "in 
short, the findings of Mirakhur and 
Dundee that 0.2 mg of glycopyrrolate 
is indistinguishable from 1 mg of 
atropine regarding the effects on pH 
of gastric contents, is simply a result 
of inadequate dosage, and does not 
indicate that glycopyrrolate, given in 
adequate dosage and a sufficient time 
prior to the induction of anesthesia 
(or sampling of gastric juice), cannot 
raise the gastric pH above 2.5 in a 
clinically significant percentage of 
cases." In the published letter, the 
dosage for glycopyrrolate erroneously 
reads 2 mg (a 10-fold increase in the 
dosage). 

Alon P. Winnie, MD 
Professor and Chairman 
Department of Anesthesiology 
University of Illinois 

Medical Center 
Chicago, Illinois 60612 


In the paper "Anesthesiology and Its Publications" by Nicholas M. Greene (Anesth Analg 59:1-2, 
1980) the first date of publication of Anesthésie et Analgésie was erroneously given as 1944. The 


correct date is 1935. Publication was suspended between 1941 and 1944. 
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Pain—Association for Re- 
search in Nervous and 
Mental Disease, Volume 
58, edited by J. J. Bonica, 
New York, Raven Press, 
1978, 420 pp, $25.00. 


This book contains the papers pre- 
sented and discussions held during 
the 58th Annual Meeting of the As- 
sociation for Research in Nervous and 
Mental Diseases (ARNMD) which 


_ was devoted to pain. The contributors 


are all internationally known scien- 
tists, and the papers were edited by 
Dr. Bonica, a unique pioneer in the 
field of pain research. 

The volume is divided into two 
parts. The first part concerns basic 
aspects of nociception and pain in- 
cluding anatomic and physiologic as- 
pects of pain perception, psychologi- 
cal and psychiatric aspects of pain, 
and modulation and measurement of 
pain. It appears that this information 
is up to date and helpful for compre- 
hension of pathways and functional 
characteristics of nociceptive central 
transmission and modulations. The 
second part concerns clinical aspects 
of pain including the role of the psy- 
chiatrist, headaches, central mecha- 
nisms of chronic pain which is ex- 
plained by surgical interruptions, 
causalgia, cancer pain, and low back 
pain. 

The authors try to approach the 
reality of treatments from scientific 
rationale as well as philosophic con- 
siderations. The book offers a well 
balanced choice of topics and discus- 
sions from which unbiased judgments 
may be formed. Reading through this 
book, I did not come away with the 
impression, as one author stated, that 
many who have suffered from chronic 
pain do not have any relevant lesion 
and that chronic pain is primarily de- 
termined by psychological causes. 





The entire book is informativz, and 
it includes rather enjoyable g neral 
discussions. The authors speak with 
clarity and authority, and yet I fel an 
uncertainty and anxiety toward the 
gaps yet to be filled between our daily 
treatment and scientific facts, as well 
as proposed hypotheses. This t ncer- 
tainty, of course, creates a desire to 
know more about the rapidly -volv- 
ing area of pain research; the b»ok is 
stimulating reading. 


Kasumi Arakawa, MD 
Professor and Chairman 
Department of Anesthes ology 
University of Kansas 

Medical Center 
Kansas City, KA 


Hemotherapy in Trauma | 


& Surgery, by The Com- 
mittee on Workshops of 
the American Association 
of Blood Banks. Washing- 
ton, American Association 
of Blood Banks, 197€, 88 
pp, $10.00. 

Platelet Physiology & 
Transfusion, by The Gom- 
mittee on Workshops of 
the American Association 
of Blood Banks. Washing- 
ton, American Association 
of Blood Banks, 197€, 92 
pp, $15.00. 


These are multiauthored texts 
which contain the proceedirgs of 
technical workshops that wer pre- 
sented at the 1978 and 1979 ;.nnual 
Meetings of the American A:socia- 
tion of Blood Banks. Several work- 
shops are presented at each yearly 
meeting of the American Association 


of Blood Banks as a means of pre- 
senting new developments in the 
practice of blood banking. These 
workshops are subsequently pub- 
lished and made available to blood 
bankers and those in related medical 
fields. Both texts are informative not 
only to blood bankers but to those in 
other specialties including anesthe- 
siology and surgery. 

The 1978 workshop, Platelet Phys- 
iology and Transfusion, was written 
by experts familiar with the rapidly 
changing field of platelet storage and 
transfusion. The seven chapters deal 
with selection of donors, metabolism 
and function of platelets during stor- 
age, platelet production and inven- 
tory management, and future re- 
search application. Of particular in- 
terest are chapters dealing with plate- 
let transfusion in patients with cancer, 
platelet function and transfusion dur- 
ing surgery, and management of pa- 
tients refractory to random donor 
platelet transfusions. The chapter 
dealing with platelet function and 
transfusion in surgery written by 
Marcus B. Simpson, MD, L'irector of 
the Walter Reed Medical Center 
Blood Bank, is ar. excellent discussion 
of platelet bleeding disorders in the 
surgical patient and includes clinical 
and laboratory evaluation and man- 
agement of these disorders. This 
chapter includes a discussion of sev- 
eral specific platelet disorders that de- 
velop in the surgical patien-; some of 
these are disorders related to cardio- 
pulmonary bypass (which Simpson 
notes rarely require platelet transfu- 
sion), massive transfusion, use of the 
intraaortic balloon, disseminated in- 
travascular coagulopathy, hepatic dis- 
ease, and Von Willebrand's disease. 

Hemotherapy in Traume and Sur- 
gery, presented in 1979, was intended 
to inform blood bankers about recent 
developments in transfusion therapy 
that have occurred outside of the 
blood bank, in particular, tae operat- 
ing room. Like the previous book this 
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text contains material of interest to 
the anesthesiologist and surgeon. 
Again, itis a multiau-hored text con- 
taining seven chapters dealing with 
hemorrhagic shock and its various 
transfusion-related problems. The 
first chapter is a detailed discussion 
of the pathophysiology of hemor- 
rhagic shock and is followed by two 
chapters cealing with coagulation and 
problems of blood and blood com- 
ponent replacement during shock 
States. These two chapters represent 
the only weak area of the book since 
their discussion of the various prob- 
lems is somewhat superficial in na- 
ture. Other chapters cover the various 
devices and methods used for intra- 
operative blood salvage as well as red- 
cell salvage during open-heart sur- 
gery. There is also an excellent chap- 
ter covering the practical aspects of 
blood transfusion such as the use of 
the type and screen and the abbrevi- 
ated crossmatch in the emergency 
transfusion situation. Of particular 
interest is the chapter written by 
Charles G. Zaroulis of the Memorial 
Sloan-Ketiering Institute for Cancer 
Research presenting evidence claim- 
ing to substantiate the use of high 2,3- 
DPG red-cells in transfusion therapy. 


Stephen M. Brzica, MD 
Associate Professor 
of Anesthesia 
University of Minnesota 
School of Medicine 
St. Paul, MN 


Anesthesia & Neurosur- 
gery, by J. E. Cottrell and 
H. Turndorf, St. Louis, CV 
Mosby Co, 1979, 433 pp, 
$47.50. 


The goal of this book, as stated in 
the preface, is to incorporate an or- 
ganized basic science curriculum with 
the clinical practice of neuroanes- 
thesia. Cottrell and Turndorf's text 
comes closer to realizing this objective 
than any of the other neurosurgical 
anesthesia texts currently available. 

The strength of the book lies in the 
editors’ selection of contributors, who 
represent all disciplines related to 
neurosurgical anesthesia and many 
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different institutions. Controversial 
topics are with few exceptions pre- 
sented in a well balanced discussion, 
not just reflecting the views of a single 
individual or institution. A notable 
exception to this is the statement that 
the Doppler and right atrial catheter 
should be used in all neurosurgical 
cases because air embolism can occur 
in the lateral, supine, and prone as 
well as sitting positions. 

The basic science in the book is 
excellent. Cerebral blood flow, me- 
tabolism, neurophysiologic evalua- 
tion and monitoring, cerebrospinal 
fluid mechanisms, and intracranial 
pressure-volume relationships are 
well covered, The material is pre- 
sented clearly with ample illustra- 
tions. The clinical areas are likewise 
well presented, with a significant em- 
phasis placed on head injuries and 
their peripheral sequelae. There are 
interesting sections on neuroradio- 
logic diagnostic studies, anesthesia for 
neuroradiologic procedures, and 
brain death. The chapter on induced 
hypotension is particularly well writ- 
ten. The time lag between writing and 
publication is especially evident in 
some chapters; for example, the chap- 
ter on barbiturate protection of the 
ischemic brain has references up to 
1978, but much work has been pub- 
lished since then. 

A problem arising from the large 
number of contributors is repetition 
among the chapters. However, this 
does enable a reader to review a topic 
in one or two chapters without having 
to skip throughout the text and makes 
the chapters independent. A more se- 
rious shortcoming is the omission of 
several important areas of neuroanes- 
thesia. For example, coverage of pe- 
diatric neuroanesthesia is limited to 
the chapters on anesthesia for neuro- 
radiologic procedures and manage- 
ment of severe head injury; there is 
no consideration of Reye’s syndrome, 
Also, the coverage of cerebrovascular 
disease is limited. There is no discus- 
sion of the anesthetic management of 
intracranial aneurysms or the moni- 
toring of patients undergoing carotid 
endarterectomy. 

Despite these shortcomings, I rec- 
ommend this book to all anesthesiol- 
ogists, and especially those caring for 
neurosurgical patients. The anesthe- 
sia resident will have an excellent 
presentation of basic neuroscience 


and approach to some clinical prob- 
lems. The practitioner will have in 
one place a text that will detail the 
advances which have been made in 
intracranial pressure monitoring. The 
academician will have a text that dis- 
cusses basic concepts of neuroanes- 
thesia from many viewpoints and 
hence, may provide useful teaching 
tools. Neurosurgeons, neurologists, 
and critical care specialists will also 
find the book to be of interest and 
benefit in their practice. 
Robert D. McKay, MD 
Assistant Professor 
of Anesthesiology 
Director of Neurosurgical 
Anesthesia 
University of Alabama 
in Birmingham 
Birmingham, AL 


Der Einfluss von Anaes- 
thetica auf die Kontrak- 
tionsdynamik des Her- 
zens, by K. J. Fischer. New 
York, Springer-Verlag, 
1979, 278 pp, $43.50. 
Zur Herzwirkung von In- 
halationsanaesthetica, by 
H. P. Siepmann, New York, 
Springer-Verlag, 1979, 66 
pp, $21.80. 


These two monographs are dis- 
cussed together since some of their 
subject matter overlaps. 

Dr Fischer discusses a large body 
of experimental work with a heart- 
lung preparation to test a variety of 
anesthetics. In the introduction, he 
rightly discusses the difficulties in 
transposing findings on experimental 
preparations to the intact human 
body. The author also introduces the 
concept of a "cardiac therapeutic in- 
dex” (calculated from the ratio of 
EDos/MAC, with EDes being the con- 
centration that reduces left ventricular 
dP/dtmax by 25%), a measurement 
which still needs to be proven useful. 
Dr Fischer then establishes a hierar- 
chy of negative inotropic effects of 
anesthetic agents; this hierarchy is 
similar to American findings. 

Dr Siepmann, in his much shorter 


monograph, uses a papillary muscle 
preparation to investigate only two 
agents. As has been shown by others, 
he indicates that enflurane appears, 
in general, to be less of a depressant 
than halothane in equi-anesthetic 
doses. 

It must be recalled that both of the 
experimental preparations are de- 
prived of compensatory physiologic 
mechanisms and any transposal into 
clinical life must take this into ac- 
count. 

The bibliographies are excellent, as 
are format and makeup. The price is 
high ($43.50 for Dr Fischer’s book). 
That, as well as the fact that the books 
are written in German and predomi- 
nantly reconfirm the work of others, 
will make them only moderately pop- 
ular in English-speaking countries. 


Kurt F. Schmidt, MD 
Professor and Chairman 
Department of Anesthesiology 
Tufts-New England 

Medical Center 
Boston, MA 


The Control of Chronic 
Pain, Current Topics in 
Anaesthesia, Volume 2, 
by S. Lipton, Chicago, 
Year Book Medical Pub- 
lishers, 1979, 134 pp. 


This monograph is one of the Cur- 
rent Topics series, a set .of reviews 
designed to winnow the relevant new 
information on a given subject and 
present it concisely and clearly. This 
volume, written by a British pain 
clinic director who is thoroughly fa- 
miliar with his subject, is indeed con- 
cise and clear. 

The book begins with a diseussion 
of the neurophysiology of sensory 
mechanisms, and in this rapidly ad- 
vancing area of research, the book is 
inevitably out of date. However, the 
practicing specialist in anesthesia will 
find much that is new and will find it 
brought together in a comprehensive 
total picture. 

When the author discusses the 
management of particular pain syn- 
dromes, he writes with more author- 
ity. But here the requirement of brev- 


BOOK REVIEWS 


ity prevents him from presenting a 
critical assessment of some mechods 
of treatment, and the reader mzy be- 
come unduly optimistic about their 
value. Facet block and nerve b ocks, 
in general, would have benefitec from 
longer discussion. 

The chapter on nerve blocks will 
attract the anesthesiologist mos . The 
descriptions of technique are toc brief 
to be used as "how-to" guides, and 
these might as well have been omit- 
ted. Anesthesia specialists arm fre- 
quently called upon to pe-form 
blocks; they can easily find tecanical 
descriptions, but an orderly, mp-to- 
date discussion of the indications for 
(and limitations of) specific nerve 
blocks in specific pain syndrom-s still 
does not exist. This book has missed 
an opportunity to provide it. 

This is a useful introductory book 
for the anesthesiologis: who i: con- 
templating pain relief work n his 
practice. Because it is both bri-f and 
comprehensive, it would b- ex- 
tremely useful for residents anc med- 
ical students rotating through : pain 
clinic service. 

Kathleen M. Wooc, MD 
Associate Professo- 

of Anesthesiology 
Clinical Coordinator 
Pain Clinic 
University of Colo-ado 
Health Sciences Ce nter 
Denver, CO 


BOOK NOTES 
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Clinical and Resuscitative 
Data, Second Editior. by 
R.P.H. Dunnill, M. P. Col- 
vin, and B. E. Crawley, St. 
Louis, Blackwell Scientific 
Publications, 1980, 185 
pp, $15.75. 


This is a pocket-sized (coz, not 


| shirt) handbook intended to make 


available the type or information 
needed in emergency situations. The 
data, formulae, conversion ables, 
normal values, nomograms, and 
graphs are organized and thumb-in- 
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dexed for speedy access. Considera- 
ble effort to include American names 
for drugs is apparent, but terminol- 
ogy, syntax and spelling is definitely 
United Kingdom. American transla- 
tions and equivalents are not invari- 
ably included, which may limit the 
usefulness of this compendium 
among physicians familiar only with 
United States terminology. 


Key Words in Anesthe- 
siology, Second Edition. 
by N. M. Greene. Balti- 
more, Williams & Wilkins, 
1980, 57 pp, $6.95. 


Although the title of this second 
edition has been shortened, the first 
edition title Key Words and Cross 
References for Indexing and Stand- 
ardization of Nomenclature in Anes- 
thesiology adequately describes the 
contents and intent of this publica- 
tion. 

The need for standardization of 
terminology is readily apparent, and 
the listing of key words will allow 
standardization of indexing in com- 
puters or in one's personal files. 

This revision is a very significant 
contribution to the anesthesia lit- 
erature, 


BOOKS RECEIVED 
Te NATE 


Trends in Intravenous Anesthesia, edited 
by J. A. Aldrete and T. H. Stanley. Chi- 
cago, Year Book Medical Publishers, 1980, 
525 pp, $42.95. 


Analytical Procedures for Therapeutic 
Drug Monitoring and Emergency Toxi- 
cology, by R. C. Baselt. Davis, CA, 
Biomedical Publications, 1980, 316 pp, 
$35.00. 


Drugs and the Elderly, edited by J. Crooks 
and I. H. Stevenson. Baltimore, University 
Park Press, 1979, 304 pp. 


Disaster Medicine— Types and Events of 
Disaster Organization in Various Disaster 
Situations, Volume I; edited by R. Frey 
and P. Safar, Secaucus, NJ, Springer-Ver- 
lag, 1980, 355 pp, $46.50. 
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General Anaesthesia, Fourth Edition, 
Volumes I and II, by T. C. Gray, J. F. 
Nunn, and J. E. Utting. Woburn, MA, 
Butterworths Publishers, 1980, 905 pp. 
$89.95 each/$175.00 set. 


Sedation, Local and General Anesthesia 
in Dentistry, Third Edition, by N. B. Jor- 
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genson and J. Hayden. Philadelphia, Lea 
& Febiger, 1980, 299 pp, $27.50. 


Pharmacology of Ganglionic Transmis- 
sion, Volume 53, edited by D. A. Khar- 
kevich, Secaucus, NJ, Springer-Verlag, 
1980, 531 pp, $134.75. 


Neurotransmitters and Drugs, by Z. L. 
Kruk and C. J. Pycock. Baltimore, Univer- 
sity Park Press, 1979, 176 pp. 


The Human Cardiovascular System, by J. 
T. Shepherd and P. M. Vanhoutte. New. 
York, Raven Press, 1979, 351 pp, $14.95. 
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Aspiration of Gastric Contents with pH Greater Than 2.5 


The effect on the lungs of aspiration of gastric contents at a pH value greater than 2.5 was studied 
in anesthetized dogs. Experimental solutions were administered into the lungs at a dose of 2 ml/kg. 
Animals were divided into five groups: group 1 (n = 13) received saline at a pH of 5.9; group 2 (n = 
8) received hydrochloric acid (HCI) at a pH of 1.8; group 3 (n = 9) received gastric contents containing 
small food particles at a pH of 5.9; group 4 (n — 6) received gastric contents containing food particles 
at a pH of 1.8; group 5 (n — 6) received gastric contents at a pH of 5.9 from which food particles had 
been filtered. Arterial blood gas tension, fractional intrapulmonary shunt, and blood pressure were 
measured at intervals for 48 hours. Animals that received gastric contents at a pH of 5.9 had reductions 
in arterial oxygenation and increases in intrapulmonary shunting that were significantly greater than 
those of animals receiving saline, and were as severe as those of animals receiving HCl at a pH of 1.8. 
If food particles were in the aspirate, hypercapnia and acidosis were also noted. There was pneumonitis 
in lung sections taken from animals in groups 2, 3, and 4, but not in groups 1 and 5. These findings 
contradict the common belief that aspiration of gastric contents at a pH greater than 2.5 is normally 
benign. (Schwartz DJ, Wynne JW, Gibbs CP: The pulmonary consequences of aspiration of gastric 
contents at pH values greater than 2.5. Am Rev Respir Dis 121:119 -126, 1980) 


Artificial Surfactant in Hyaline-Membrane Disease 


Ten preterm infants severely ill with hyaline-membrane disease (HMD) were given artificial 
surfactant endotracheally. Lyophilized artificial surfactant was suspended in saline, and about 10 ml 
of this fluid was instilled into the endotracheal tube. Oxygenation and alveolar-arterial oxygen 
gradients improved, the levels of inspired oxygen and peak respirator pressure could be reduced, and 
many of the radiologic abnormalities resolved. Acidosis and systemic hypotension were also reversed. 
In nine infants a patent ductus arteriosus became evident after recovery from HMD, necessitating 
further assisted ventilation. Eight infants survived, including five of six with birth weight less than 
1500 g; two died of unrelated causes. Postnatal tracheal instillation of artificial surfactant may prove 
a useful treatment for severe HMD. These preliminary observations are viewed as indicating further 
clinical studies. The long-term effects of this treatment have not been studied. (Fujiwara T, Maeta H, 
Chida 5, et al: Artificial surfactant therapy in hyaline-membrane disease. Lancet 1:55-59, 1980) 
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Manuscripts should be sent to: 
Nicholas M. Greene, M.D. 
Editor in Chief 
Anesthesia and Analgesia 
Yale University School of Medicine 
333 Cedar Street 
New Haven, Connecticut 06510 


Editorial Policies 


Manuscripts are accepted for consideration with the understand- 
ing that the material they present, including tables, figures, and 
data therein, has not been previously published and is not presently 
under consideration for publication elsewhere. Authors will be 
asked to transfer copyright of articles accepted for publication to 
the International Anesthesia Research Society. 

Types of materials. The Journal publishes original articles, clin- 
ical reports, review articles, and letters to the editor. Original 
articles describe in 3000 words or less clinical or laboratory inves- 
tigations. Clinical reports describe in 1000 words or less either (a) 
new and instructive case reports, or (b) anesthetic techniques or 
equipment of demonstrable originality, usefulness, and safety. 
Review articles of 2500 to 4000 words collate, describe, and evaluate 
previously published material for the establishment of new con- 
cepts. Letters to the editor, less than 300 words in length, include 
brief constructive comments concerning previously published ar- 
ticles or brief notations of general interest. Preliminary or incom- 
plete reports are not accepted, nor are manuscripts containing 
fragments of material better incorporated into a single paper. 

Peer review. All papers are reviewed by three or more referees. 
Acceptance is based upon significance, originality, and validity of 
the material presented. Every effort will be made to advise authors 
within 4 weeks whether papers are accepted, rejected, or need 
revision prior to further consideration for possible publication. 

Legal and ethical considerations. Information or illustrations 


must not permit identification of patients. Reports describing data: 


obtained from experiments performed in humans must contain a 
statement in the Methods that institutional approval of the inves- 
tigation and informed consent were obtained. Reports describing 
data obtained from experiments performed in animals must clearly 
indicate that humane standards equal to those described by the 
American Physiological Society were employed. 

Illustrations and other materials taken from other sources must 
be properly credited and assurance provided that permission for 
reproduction has been obtained from the copyright owner and 
author, 

Editing. All papers will be edited for clarity, style, factual accu- 
racy, internal logic, and grammar. Papers extensively copy edited 
will be returned to the author(s) for retyping. Editing will include 
the addition, following the Abstract, of key words for indexing 
purposes. 


Manuscripts 


Manuscripts must be prepared and submitted in the manner 
described in "Uniform Requirements for Manuscripts Submitted 
to Biomedical Journals" as described in Annals of Internal Medicine 
1979; 90: 95-9, and Lancet 1979; 1: 428-30. 

Type manuscripts on white bond paper, 20.3 by 26.7 cm or 21.6 
by 27.9 cm (8 by 104 in or 84 by 11 in) or ISO A4 (212 by 297 mm) 
with margins of at least 2.5 cm (1 in), Use double spacing through- 
out, including title page, abstract, text, acknowledgments, refer- 
ences, tables, and legends for illustrations. 

Begin each of the,following sections on separate pages: title page, 
abstract and key words, text, acknowledgments, references, tables 
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[each table, complete with title and footnotes, on a separate page), 
and legends. Number pages consecutively, beginning with the title 
page. Type the page number in the upper right-hand corner of each 
page. i 

Illustrations must be good quality, unmounted glossy prints, 
usually 12.7 by 17.3 cm (5 by 7 in), but no larger than 20.3 by 25.4 
cm (8 by 10 in). 

Submit three copies of manuscript and figures in heavy-paper 
envelope. Submitted manuscript should be accompanied by cov- 
ering letter, and permissions to reproduce previously published 
materials or to use illustrations that may identify sub‘ects. 

Authors should keep copies of everything submitted. 

Title Page. The title page should contain [1] the title of the 
article, which should be concise but informative; [2] a short running 
head or footline of no more than 40 characters (count letters and 
epaces) placed at the foot of the title page and identified; [3] first 
name, middle initial, and last name of each author, with highest 
academic degree(s); [4] name of department(s) and institution(s) to 
which the work should be attributed; [5] disclaimers, if any; [6] 
name and address of author responsible for correspondence about 
the manuscript; [7] name and address of author to whom requests 
for reprints should be addressed, or statement that reprints will not 
be available from the author; [8] the source(s) of support in the 
form of grants, equipment, drugs, or all of these. 

Abstract and Key Words. The second page should carry an 
abstract of not more than 150 words. The abstract should state the 
purposes of the study or investigation, basic procedures (study 
subjects or experimental animals and observational and analytic 
methods), main findings (give specific data and their statistical 
significance, if possible), and the principal conclusions. Emphasize 
new and important aspects of the study or observations. Define all 
abbreviations except those approved by the International System 
of Units. - 

Key (indexing) terms. Below the abstract, provide and identify as 
such, three to 10 key words or short phrases that will assist indexers 
in cross-indexing your article and that may be published with the 
abstract. 

Text. The text of observational and experimental articles is 
usually—but not necessarily—divided into sections with the head- 
ings Introduction, Methods, Results, and Discussion. Long articles 
may need subheadings within some sections to clarify their content, 
especially the Results and Discussion sections. Case reports and 
zeviews do not require the above sections. 

Introduction. Clearly state the purpose of the article. Summarize 
-he rationale for the study or observation. Give only strictly perti- 
nent references, and do not review the subject extensively. 

Methods. Describe your selection of the observational or exper- 
imental subjects (patients or experimental animals, including con- 
:rols) clearly. Identify the methods, apparatus (manufacturer's 
name and address in parentheses), and procedures in sufficient 
detail to allow other workers to reproduce the results. Give refer- 
ences to established methods, including statistical methods; provide 
references and brief descriptions of methods that have been pub- 
lished but are not well known; describe new or substantially 
modified methods, give reasons for using them, and evaluate their 
limitations. 

When reporting experiments on human subjects, indicate 
whether the procedures followed were in accord with the ethical 
standards of the Committee on Human Experimertation of the 
institution in which the experiments were done or in accord with 
the Helsinki Declaration of 1975. When reporting experiments on 
animal subjects, indicate whether the institution's or the National 
Research Council's guide for the care and use of laboratory animals 
was followed. Identify precisely all drugs and chemicals used, 
including generic name(s), dosage(s), and route(s) of administration. 
Do not use patients' names, initials, or hospital numbers. 
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Include numbers of observations and the statistical significance 
of the findings when appropriate. Detailed statistical analyses, 
mathematica? derivations, and the like may sometimes be suitably 
presented in the form of one or more appendixes. 

Results. Present your results in logical sequence in the text, 
tables, and illustrations. Do not repeat in the text all the data in the 
tables and/or illustrations: emphasize or summarize only important 
observations. 

Discussion. Emphasize the new and important aspects of the 
study and conclusions that follow from them. Do not repeat in 
detail data given in the Results section. Include in the Discussion 
the implications of the findings and their limitations and relate the 
observations to other relevant studies. Link the conclusions with 
the goals of the study but avoid unqualified statements and conclu- 
sions not completely supported by your data. Avoid claiming 
priority and alluding to work that has not been completed. State 
new hypotheses when warranted, but clearly label them as such. 
Recommendations, when appropriate, may be included. 

References. (The following style will appear in the journal 
effective volume 60, January 1981.) Number references consecu- 
tively in the order in which they are first mentioned in the text. 
Identify references in text, tables, and legends by arabic numerals 
(in parentheses). References cited only in tables or in legends to 
figures should be numbered in accordance with a sequence estab- 
lished by the first identification in the text of the particular table or 
illustration. 

Use the form of references adopted by the U.5. National Library 
of Medicine and used in Index Medicus. Use the style of the 
examples cited at the end of this section, which have been approved 
by the National Library of Medicine. . 

The titles of journals should be abbreviated according to the 
style used in Index Medicus. Consult the "List of Journals Indexed," 
printed annually in the January issue of Index Medicus. 

Avoid abstracts as references; "unpublished observations" and 
"personal communications" may not be used as references, al- 
though references to written, not verbal, communications may be 
inserted (in parentheses) in the text. Include among the references 
manuscripts accepted but not yet published; designate the journal 
followed by "in press" (in parentheses). Information from manu- 
scripts submitted but not yet accepted should be cited in the text 
as "unpublished observations" (in parentheses). 

References must be verified by the author(s) against the original 
documents. l 
Examples of correct forms: 


Journal 


1. Standard Journal Article (List all authors when six or less; when seven or 
more, list only first three and add et al) 


Soter NA, Wasserman SI, Austen KF. Cold urticaria: release into the 
circulation of histamine and eosinophil chemotactic factor of anaphy- 
laxis during cold challenge. N Engl ] Med 1976;294:687-90. 

2. Corporate Author l 


The Committee on Enzymes of the Scandinavian Society for Clinical 
Chemistry and Clinical Physiology. Recommended method for the 
determination of gamma-glutamyltransferase in blood. Scand J Clin Lab 
Invest 1976;36:119-25. 


Anonymous. Epidemiology for primary health care. Int ] Epidemiol 
1976;5:224-5. 
Books and Other Monographs 


3. Personal Author(s) 


Osler AG. Complement: mechanisms and functions. Englewood Cliffs: 
Prentice-Hall, 1976. 


4. Corporate Author 


American Medical Association Department of Drugs. AMA drug eval- 
uations. 3rd ed. Littleton: Publishing Sciences Group, 1977. 


5. Editor, Compiler, Chairman as Author 


Rhodes AJ, Van Rooyen CE, comps. Textbook of virology: for students 
and practitioners of medicine and the other health sciences. 5th ed. 
Baltimore: Williams & Wilkins, 1968. 


6. Chapter in Book 
Weinstein L, Swartz MN. Pathogenic properties of invading microor- 


ganisms. In: Sodeman WA Jr, Sodeman WA, eds. Pathologic physiol- 
ogy: mechanisms of disease. Philadelphia: WB Saunders, 1974:457-72. 


7. Agency Publication 2 
National Center for Health Statistics. Acute conditions: incidence and 
associated disability, United States July 1968-]une 1969. Rockville, Md.: 
National Center for Health Statistics, 1972. (Vital and health statistics. 
Series 10: Data from the National Health Survey, no. 69) (DHEW 
publication no. (H5M)72-1036). 


Tables. Type each table on a separate sheet; remember to double 
space. Do not submit tables as photographs. Number tables con- 
secutively and supply a brief title for each. Give each column a 
short or abbreviated heading. Place explanatory matter in footnotes, 
not in the heading. Explain in footnotes all nonstandard abbrevia- 
tions that are used in each table. For footnotes, use the following 
symbols in this sequence: *, t, t, S, |, f, #, **, Tt... . Identify 
statistica] measures of variation such as 5D and SEM. 

Omit internal horizontal and vertical rules. 

Cite each table in the text in consecutive order. 

If you use data from another published or unpublished source, 
obtain permission and acknowledge fully. 

The editor on accepting a manuscript may recommend that 
additional tables containing important backup data too extensive 
to be published may be deposited with the National Auxiliary 
Publications Service or made available by the author(s). In that 
event, an appropriate statement will be added to the text. Submit 
such table for consideration with the manuscript. 

Illustrations. Submit three complete sets of figures. Figures 
should be professionally drawn and photographed; freehand or 
typewritten lettering is unacceptable. Instead of original drawings, 
roentgenograms, and other material, send sharp, glossy black-and- 
white photographic prints, usually 12.7 by 17.3 cm (5 by 7 in) but 
no larger than 20.3 by 25.4 cm (8 by 10 in). Letters, numbers, and 
symbols should be clear and even throughout, and of sufficient size 
that when reduced for publication each item will still be legible. 
Titles and detailed explanations belong in the legends for illustra- 
tions, not on the illustrations themselves. 

Each figure should have a label pasted on its back indicating the 
number of the figure, the names of the authors, and the top of the 
figure. Do not write on the back of the figures or mount them on 
cardboard, or scratch or mar them using paper clips. Do not bend 
figures. 

Photomicrographs must have internal scale markers. Symbols, 
arrows, or letters used in the photomicrographs should contrast 
with background. 

If photographs of persons are used, either the subjects must not 
be identifiable or their pictures must be accompanied by written 
permission to use the photograph. 

Cite each figure in the text in consecutive order. If a figure has 
been published, acknowledge the original source and submit writ- 
ten permission from the copyright holder to reproduce the material. 
Permission is required, regardless of authorship or publisher, ex- 
cept for documents in the public domain. 

For illustrations in color, supply color negatives or positive 
transparencies and, when necessary, accompanying drawings 
marked to indicate the region to be reproduced; in addition, send 
two positive color prints to assist editors in making recommenda- 
tions. 5ome journals publish illustrations in color only if the author 
pays for the extra cost. 

Legends for Illustrations. Type legends for illustrations double 
spaced, starting on a separate page with arabic numerals corre- 
sponding to the illustrations. When symbols, arrows, numbers, or 
letters are used to identify parts of the illustrations, identify and 
explain each one clearly in the legend. Explain internal scale and 
identify method of staining in photomicrographs. 

Abbreviations. Define all abbreviations except those approved 
by the International System of Units for amount of substance, 
mass, length, time, temperature, electric current, and luminous 
intensity. Do not synthesize new or unusual abbreviations. When 
many abbreviations are used, include all in a bóx of definitions at 
the start of the article. 
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DEPARTMENT OF ANESTHESIOLOGY 
° NEW FACULTY POSITION ADDRESS CHANGE NOTICE 


E. Applications are invited from suitably qualified individuals for 
= the above position. 


xs ] | ocietv 
E Candidates should have an MD degree and have had previous International Da m Soci th 
$: training in scientific research in pharmacology, physiology or 3645 Warrensvi e Center Koa 

== neuro-sciences. Preference will be given to candidates with an Cleveland, Ohio 44122 


2: additional advanced degree. 
5: In addition to engaging in research, the successful candidate 


S will be required to participate in the teaching program in the Please change my mail address for ANESTHESIA and 
i$ basic sciences for Anesthesiology and for the resident house ANALGESIA, effective 


gt staff in training. ] 
= Faculty rank will be granted according to qualification. The 
=. opportunity exists for a joint appointment in Basic Science 
ae Department. An Anesthesiologist will be permitted limited 
E private practice and supplemental income under aegis of the 
3: institution's Medical Service Plan. Applications and C.V. should 


E: id C.C. M.D., Professor & Chairman, 
= D aie eee a 2 From —(Current or former address) 


THE MOUNT SINAI MEDICAL CENTER 
Annenberg Bldg., 7-52 
One Gustave L. Levy Place, New York, N.Y. 10029 
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City, State, Zip Code 


Important: 5how your name and address exactly as 


Il. A.R. S . 1979 your Journal is now addressed. 
REVIEW COURSES 


To— (New Address) 
Booklet containing 14 Review 
Course Lectures given at 53rd 
Congress in March of 1979 is 
available from I.A.R.S. 
Cleveland business office at 
$5.00 per copy. Supply is 
limited and et ie be a 
filled on basis of receipt date 
of order. Make checks 
payable to International Print Your Name 
Anesthesia Research Society 
and send with order. 


Street Address 
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aA a a Eh a eh MESRINE MUNI 
SOUTH TEXAS ANESTHESIOLOGIST: 
Seeks associate who would like to semi- 
retire. Small hospital with modern equip- 
ment and good CME Program. Few emer- 
gencies. Practice is located in lower Rio 
Grande Valley. Climate is similar to that 
of Miami Beach. South Padre Island is 
approximately forty-five minute drive 
from the hospital. Minimal malpractice 
premiums and no state income tax. For 
further details, write to 3ox 6-80-A, % 
IARS. 


ANESTHESIOLOGIST: 


Wanted to join 11 man group in Upstate 
New York. Prefer somecne completing 
residency or recently trained. Pediatric ex- 
perience an asset. All corporate benefits. 
Send full CV with initial -eply to Box 6- 
80-G, c/o IARS. 


ANESTHESIOLOGIST: 


Board certified, 35, US grad—university 
and private practice experience— seeks 
position in quality private practice setting. 
Prefer position in growing anesthesia de- 
partment. Trained in al] aspects of anes- 
thesia including OB and cardiac. Willing 
to assume directorship if desired. Reply to 
Box 6-80-C, % JARS. 


ANESTHESIOLOGIST: 


FMG, 33, board eligible, passed Part I. 
Currently practicing in a university affili- 
ated hospital. Interested in private practice 
group/fee for service, no geographical 
preference. Wide experier.ce in all fields 
of anesthesia. FLEX, MA, NY and FLA 
licenses. Reply to Box 6-8C-E, % IARS. 


MISSOURI 


Anesthesiologist wanted {o join private 

group practice. 400-bed hospital with ail 

specialties except open heart; little OB. 

Town of 100,000 with good schools, close 

airport, and good recreation. Excellent 

starting income, fringes, and potential. Re- 
ply to Box 7-79-A, c/o LA.R.S. 


Classified! 
ADVERTISING 


ANESTHESIOLOGY — 


3 year approved Program. All types of 
Anesthesia—including open heart, inha- 
lation therapy. University affiliated, Please 
write to: Paul J. Ditmyer, M.D., Chairman; 
Department of Anesthesiology; The To- 
ledo Hospital; 2142 N. Cove Boulevard; 
Toledo, Ohio 43606. 


ANESTHESIOLOGIST —UNIQUE FREE 
TIME: 


Southeastern North Carolina corporate 
practice involves supervision of C.R.N.A.'s 
and some respiratory and intensive care. 
272-bed acute care hospital runs 4 O.R.'s 
with anesthesia. Join one anesthesiologist. 
Full Partnership 1-2 years. Average in- 
come; above average time off—up to 26 
weeks a year! Completion AMA approved 
medical school and residency is required. 
Contact: Glenn C. Parrish, M.D., % Lum- 
berton Anesthesia Associates, PA, 2802 
Rowland Avenue, Lumberton, N.C. 28358. 
Tele: (919) 738-8154. 


FLORIDA: 


Position available for Anesthesiologist to 
direct Department of Anesthesia which 
consists of 5 Anesthesiologists and 6 
CRNAs in a 350-bed rapidly expanding 
hospital which is the Regional Center for 
Neo-natology, complicated obstetrics and 
progressing toward doing open-heart pro- 
cedures in the future. Candidate must be 
board certified with wide experience in the 
above fields, Please forward applications 
with Curriculum Vitae to: 301 Broadway, 
Suite 116, Riviera Beach, Florida 33404. 


aa a a, ee 
ANESTHESIOLOGIST WANTED: 

(OB/GYN Hosp.)—SUN BELT AREA To 
join 5 Anesthesiologist—9 CRNA group 
private hospital—7000+ Private Deliver- 
ies/year. 6000+ GYN procedures/year. 
Excellent opportunity for research. Excel- 
lent fringe benefits and working condi- 
tions, Write: E. Theriot, M.D., Dept. of 
Anesthesia, Woman's Hospital, 9050 Air- 


line Highway, Baton Rouge, Louisiana 
70815. 


INAN 


ANESTHESIOLOGIST NEEDED AT 
ALL ACADEMIC LEVELS: 


Must be Board Certified/Eligible. Duties 
include patient care, resident and medical 
student teaching and research. Positions 
available at the University of Missouri 
Medical Center Hospital and the Harry 8. 
Truman Memorial Veterans Hospital. In- 
terested applicants send a curriculum vitae 
to: G. W. N. Eggers, Jr, M.D., Professor 
and Chairman, Department of Anesthe- 
siology, University of Missouri—Colum- 
bia School of Medicine, Columbia, Mis- 
souri 65212. 


ANESTHESIOLOGIST WANTED: 

To join 135 physician, multi-specialty 
group with an adjacent 430-bed hospital. 
New Clinic building recently completed. 
Gunderson Clinic, Ltd., is in a progressive 
community with expanding university and 
private college. Population 50,000. Cul- 
tural and recreational facilities. Beautiful 
setting; good schools. Excellent pension 
program, no investment required. Service 
organization. Write: J. Michael Hartigan, 
M.D., Chairman, Personnel Committee, 
Gunderson Clinic, Ltd., 1836 South Ave- 
nue, La Crosse, WI 54601. 


OBSTETRIC ANESTHESIA FELLOW- 
SHIPS OR SPECIALTY TRAINING: 


Currently available. Approved 1 year pro- 
gram. High Risk Perinatal Center. New 
Hospital. Clinical and laboratory (animal) 
research stressed. Includes teaching and 
clinical experience (exclusively obstetric 
anesthesia and perinatal care). Walter U. 
Brown, ]r, M.D., Director of Obstetric 
Anesthesia, Vanderbilt University Medical 
Center, 1161 21st Avenue, South, Nash- 
ville, Tennessee 37232. 


F.M.G., 44, F.F.A.R.C.S. 


Flex eligible. Presently in teaching hospital 
in Canada. Seeks position—university or 
private. Reply to Box 6-80-B, % IARS. 


OHIO ANESTHESIOLOGIST— 


Position presently available in group com- 
prising M.D.’s and CRNA’s in 500 bed 
hospital with all specialities except open 
heart. Call or send curriculum to John 
Biggins, M.D., Dept. of Anesthesia, Trum- 
bull Memorial Hospital, Warren, Ohio 
44483. (216) 841-9230. 


CRITICAL CARE FELLOWSHIP 


Our 300-bed Harvard affiliated teaching 
hospital has a position available from July 
1, 1980 to June 30, 1981 for PGY 4-5 in 
multi-disciplinary ICU environment. Ex- 
posure to all areas of intensive care med- 
icine including invasive and non-invasive 
monitoring, hyperalimentation, pulmo- 
nary care, etc. Specialty alignment not crit- 
ical but anesthesia experience preferred. 
Reply to A. Dalal, M.D., Mt. Auburn Hos- 
pital, 330 Mt. Auburn Street, Cambridge, 
MA 02138. Tel: (617) 354-7260. An Equal 
Opportunity Employer. 


UNIVERSITY OF SOUTH FLORIDA 


Chairperson, Department of Anesthesiol- 
ogy, College of Medicine, Tampa. Appli- 
cants should be Board Certified, should be 
capable and experienced in teaching, re- 
search and clinical care, and should have 
leadership and administrative skills appro- 
priate to the development of a new de- 
partment. Interested candidates should 
submit inquiries and curricula vitae to An- 
thony Reading, M.D., Chairman, Anesthe- 
siology Search Committee, Box 14, USF 
College of Medicine, 12901 N. 30th Street, 
Tampa, Florida 33612. The University of 
South Florida is an Equal Opportunity 
Employer. g 


eleesiitec| 
ADVERTISING 


MARYLAND: 


The Maryland Institute for =mergency 
Medical Services Systems is seeking staff 
anesthesiologists with an inte-est and/or 
experience in critical care, trauma anesthe- 
sia and/or neuro-surgical anechesia/crit- 
ical care. MIEMSS is the 85 lI ed clinical 
center for trauma care and research in the 
State of Maryland. Teaching aad research 
opportunities in a multidiscipliaary setting 
are available. Salary negotia»le, liberal 
fringe benefits. Send curriculum vitae to: 
Peter Chodoff, M.D., M.P.H., chief, Crit- 
ical Care/Anesthesia, Marylar d Institute 
for Emergency Medical Services Systems, 
Baltimore, Maryland 21201 


CRITICAL CARE FELLOWS IP: 


One year fellowship in critical care for 
physicians who are board eligr»le in med- 
icine or anesthesia. Rotation offered in 
anesthesia, hyperbaric medi ine, infec- 
tious disease, trauma resusciation/anes- 
thesia, psychiatry, and compvzer applica- 
tions. Competitive salary, o»portunities 
for basic and clinical researca available. 
Send curriculum vitae to Peter Chodoff, 
M.D., M.P.H., Chief, Critical Zare/ Anes- 
thesia, Maryland Institute for Emergency 
Medical Services Systems, 2-. S. Greene 
St., Baltimore, Md. 21201. 


ANESTHESIOLOGIST: 


FMG board eligible. Has FLEX and N.Y. 
license. Available July 1980. Trained in 
university hospitals. Experieaced in all 
kinds of anesthesia. Will consider all lo- 
cations. Currently Chief Resrdent. Reply 
to Box 6-80-F, % IARS. 
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ANESTHESIOLOGIST: 


36, F.M.G., board eligible, university 
trained, diverse clinical experience, seek- 


' ing group practice. Reply to Box 6-80-D, 


% IARS. 


PEDIATRIC ANESTHESIOLOGY RESI- 
DENCY 


Childrens Hospital of Los Angeles has ad- 
vanced clinical program for residents at 
the second and third year level of training. 
Also accepting applications from practic- 
ing anesthesiologists who wish to update 
their knowledge and proficiency. Positions 
available from 2 months to 1 year. Spe- 
cialized year approved by the AMA. For 
further details contact: 

George B. Lewis, Jr., MI! 

Head, Division of Anestnesiology 

Childrens Hospital of Lcs Angeles 

4650 Sunset Boulevard 

Los Angeles, CÀ 90027 

Phone (213) 662-1708 


Rates for classified advertising: $3.00 
per line, minimum 5 lines; box number 
ads $3.50 per line. Classifi»d display rates 
on request. Copy deadline 6 weeks prior 
to publication. Do not submit payment 
with order; invoices will be sent for pay- 
ment priorto publication. Ad copy, subject 
to acceptance ‘by publisner, should be 
mailed to: Anesthesia and Analgesia, 3645 
Warrensville Center Rd., Cleveland, OH 
44122. 
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NOW THATS WHAT | CALL CARRYING — 
INFECTION CONTROL JUST A LITTLE TOO FAR, 


. 99 


VIRAL- BACTERIAL RETENTIVE FILTER 


N Pala calx Re al Ma E os N l 
iN ICHOLRESIM TM 
THE 2» GENERATION 


Reprints of this ad available upon request, K & G Healthcare Incustries, Inc. 5373 N.W. 36th Street 
Miami Springs, Florida 33166 (305) 371-3632 
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f * KSG Healthcare, inc. 1980 


Now! A common-sense monitoring system that’s 


flexible, functional, reliable and affordable! 


Presenting the all-new Physo- 
Control CMS 6000—the commcn- 
sense four-bed central ECG 
monitoring system. We designec it 
specifically forthe busy Emerger cy 

- - Department or Recovery Room.1t's 

"^: - , also ideal for the small-hospital 

didi ‘CCU or ICU. 

| FUNCTIONAL —Four- 

. channel cardioscope with freeze 
channel and recorder. Digital 
rate meters with high and low | 
alarm limits. 

FLEXIBLE —Use with porta»le 
Lifepake 6 monitors as hardwired 
bedside monitors. Or all channels 
can be telemetry. Or any 
combination. 


[he new CMS 6000 
from "e 


Physio-Control is the world leader i in acute cardiac care systems. 11811 Willows Road, Redmond, Washington 98052 
- (206)881-4000/U.S. Telex: 32-0268, international Tezx: 32-0166. Lifepak and Physio-Control are registered trademarks. 


sense. That's the | 
CMS 


RELIABLE—The CMS is 
engineered and built with 
thoroughly-proven, highly-reliable - 


electronic components. And the 


system is backed by Physio- 
Control's own nationwide factory - 


service team. 


AFFORDABLE — Because we : 
engineered it to deliver only 
the most needed functions, 
the CMS 6000 gives you 
more function at lower 
COSI. F 

: Thaťs thewhoe ^ £^ 
idea. That's common |’... if 


6000: 
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